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ABSTRACT 

Cognitive and affect if- outcomes of class visits to 
two participatory science museums we ire examined by comparing 
responses of fifth- and sixth-grade students randomly assigned to 
four conditions (control, exhibit only, lesson only, and exhibit 
followed by lesson) and two tests (verbal and visual), students 
visiting a simple machines exhibit scored higher on a test of science 
than the control group, but lower than the group attending a 
classroom lesson in the museum. The study did not demonstrate 
conclusively a cognitive advantage of having the exhibit experience 
prior to the lesson. Scores on the visual test were consistently 
higher than scores on the verbal test. Study findings indicate that 
tha particular strength of the science museum exhibit lies in the 
affective domain. Students found the exhibit much more enjoyable, 
interesting, and motivational than a classroom lesson. Implications 
of the findings for science education are discussed. (Supporting 
documentation, including verbal and visual tests, affective 
questionnaires, and performance tests, and lecture sheets are 
provided in appendices.) (Author/JN) 
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FOREWORD 



Museums and other informal learning centers support school 
science through the provision of unique resources not available 
in schools. These may be the collections of natural history 
museums, the living specimens of zoos, or the complex and 
imaginative exhibits of science centers. 

Science museums, in particular, provide access to educa- 
tional technologies that schools cannot afford or have not yet 
installed. From planetariums to microcomputers, science educa- 
tion equipment is often found in museums long before it reaches 
schools. Further, a trained educational staff can bring students 
into contact with scientists and introduce them to the techniques 
and processes of industry. Museums present objects, experiments, 
and concepts in tangible form. For students learning science, 
they represent the ideas of science in a physical form that 
allows active experimentation and investigation parallel to that 
of science itself. 

What is needed is a new and far-reaching partnership between 
schools and museums. Only through careful study and research 
will we have the information necessary to develop joint programs 
which fully utilize the unique strengths of each institution. 




(Joel N. Bloom 

Vice President and Director 
The Franklin Institute Science Museum 
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PREFACE 

The investigations discussed in this report represent a 
foray into a little known realm of museum research. Conducting 
experiments in museums, as in other field settings, is 
challenging. Experimental control is difficult to achieve 
without changing visitors 1 behavior or overly detracting from 
their museum experience, Moreoever, jeneralizability of research 
findings is restricted by the diversity o^ exhibits, even in. the 
same museum. Nevertheless, if museums are to be effective 
centers of informal education, answers to basic questions about 
communication by means of exhibits need to be found. Hence, it 
is hoped that the research reported here will inspire further 
investigations. 



Minda Borun 

Director of Museum Research 

The Franklin Institute Science Museum 
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SUMMARY 

Participatory science museums provide unique learning 
opportunities not available in most schools. They display 
memorable visions of real objects and provide experiences whereby 
students can actively participate in the discovery of scientific 
principles. Thus, teachers often turn to museums to supplement 
their classroom science instruction. However, to date there is 
a paucity of experimental studies which investigate the outcomes 
of a school visit to the science museum. 

The current study, conducted jointly by The franklin 
Institute Science Museum and the Boston Museum of Science, 
examined the learning that takes place on a school trip to a 
science museum and investigated the facilitative effect of the 
visit on classroom learning. At both sites, cognitive and 
affective responses of middle school students randomly assigned 
to three treatment groups and a control group were compared. One 
treatment group visited a museum exhibit, one group attended a 
classroom lesson covering the same content, and one group 
attended the lesson following a visit to the exhibit. The control 
group was tested before having had either museum experience. 
Further r .ore, each museum used verbal, visual, and performance 
tests, sc that the relative effectiveness of the three types of 
testj for measuring museum-based learning could be assessed* 
Although the basic design was the same at The Franklin Institute 
and the Museum of Science, there were important methodological 
differences at the two sites. 
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The Philadelphia Study 

Five participatory devices in The Franklin Instituted 
Mechanics Hall were selected as the focal exhibit. These 
devices, the most dramatic of which is the "Giant Lever", were 
designeu to teach the concepts of three simple machines — lever, 
inclined plane, and pulley — by allowing visitors the oppor- 
tunity to manipulate the devices, observe the effects of their 
actions under varied conditions, and form conclusions about the 
principles involved. Thus, kinesthetic learning was the emphasis 
of the Philadelphia component of the study. 

The investigation at The Franklin Institute consisted of two 
separate experiments. The sample for the first experiment was 
comprised of 416 fifth- and sixth-grade students randomly 
assigned to four experimental groups (Control, Exhibit, Lesson, 
and Exhibit/Lesson) and two cognitive tests (Verbal and Visual). 
Buth the Verbal and Visual Tests consisted of 10 multiple-choice 
items designed to measure the recognition, comprehension, and 
application of the three simple machines presented in the focal 
exhibit and the lecture written for the classroom lesson. A 
five-item affective questionnaire was also administered to 
students in Experiment 1 so that the enjoyment, interest, and 
motivation provided by the two treatments could be compared. 

For the second experiment, 104 fifth graders were randomly 
assigned to a control group and the same three t reatments 
described above. This time, an individually administered perfor- 
mance test was used to assess students 1 ability to apply simple 
machine concepts to three-dimensional materials, demonstrate and 
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explain the basis of the mechanical advantage of each machine, 
and name the simple machines. 

The analyses of data from both experiments indicate that, as 
hypothesized, students learn from the focal exhibit. Regardless 
of which type of instrument was used (i.e., verbal, visual, or 
performance), fifth and sixth graders visiting the simple 
machines exhibit scored significantly higher on a test of science 
content than students in the control group. More specifically, 
it was found that, although the Simple Machines Exhibit is not as 
effective a brief learning experience as a classroom lesson in 
conveying science vocabulary or suggesting applications, it 
teaches science concepts as well as a didactic lesson does. 

Although scores on the Verbal and, particularly, the 
Performance Test reflected a tendency for students having both 
museum experiences to score higher than the other treatment 
groups, neither of the experiments conducted at The Franklin 
Institute provided statistically significant evidence of the 
motivational impact of the exhibit on subsequent classroom 
learning. Perhaps this can be explained by the fact that the 
lesson on simple machines was a substantive counterpart of the 
exhibit. That is, since a portion of the science content was 
effectively taught by the exhibit, the exhibit's effect on 
learning from a subsequent lesson conveying the same content 
would likely be obscured. 

The experiments provided some interesting information 
regarding the effects of testing mode on test performance. The 
results of Experiment 1 indicated that the Visual Test was 
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significantly easier across treatment groups than the Verbal 
Test, In fact, scores of the Lesson Group were so high on the 
Visual Test that there was little room for improvement by a group 
having ooth treatments. In addition, the analysis of 
Performance Test data (Experiment 2) showed that test scores of 
students visiting the exhibit compared more favorably with those 
of students attending the lesson than they did on either the 
Verbal or Visual Tests, Thus, the Performance Test, which 
provided the closest match to the exhibit experience, proved to 
be the most sensitive measure of exhibit-based learning. 

Responses to the Affective Questionnaire indicated that the 
exhibit was perceived as more enjoyable and interesting than 
students 1 usual school classes or a museum lesson, even when 
presented by a dynamic educator in a novel environment. More 
importantly, it was found that the students viewed the exhibit as 
a learning experience and were interested in learning more about 
the science content it presented. 

Finally, a survey of fifth- and sixth-grade teachers 
who brought their classes to The Franklin Institute revealed that 
their primary motivation for the visit was science education. 
Questionnaire data further indicated that teachers 1 educational 
expectations are generally being fulfilled. 

The Boston Study 

A temporary exhibit entitled "Planets and Moons" was 
selected for the focus of investigation at the Museum of 
Science. Ihis highly visual exhibit presented planetary and 
lunar features and particularly stressed four major themes — 
rings, craters, volcanoes, and turbulence. 
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The sample for the Boston study consisted of 535 sixth- and 
seventh-grade students who were randomly assigned to the four 
experimental groups and three tests (Verbal, Visual, and 
Performance). The tests used by the Museum of Science were 
open-endea and divergent. Moreover, they were designed to 
measure the influence of the treatments on perceptions and images 
and the ability to make connections and predictions, rather than 
the acquisition of science facts or concepts. 

The Verbal Test was an essay test with five questions, each 
of which was phrased in such a way as to suggest no single 
correct answer. Students were put in the role of space travelers 
and asked to speculate about the features cn or around planets. 
Analysis of scores on the Verbal Test yielded no significant 
differences among means for the four experimental groups. 

The Visual Test was a picture-sorting activity whereby stu- 
dents were asked to sort a set of 13 pictures into two piles 
according to their own criteria. The procedure was repeated to 
produce a second set of responses. The set of pictures included 
whole planets and inoons, parts of planets and moons, and specific 
features of planets and moons. The influence of the exhibit 
and/or classroom lesson on Visual Test performance was assessed 
by tallying the frequency with which categories used for picture 
sorting corresponded to the four main themes (i.e., rings, 
craters, volcanoes, and turbulence) of the exhibit and lesson. 
Although this test was tied in most closely with the design of 
the visually-oriented exhibit, there were no significant differ- 
ences among experimental groups in the mean number of sorting 
categories which represented main themes. 
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For the Performance Test, students were provided with 
masonite boards covered with a thin layer of clay, some aluminum 
foil, additional clay, and coffee stirrers. They were asked to 
make four features that might be seen on or around planets. 
Again, answers that related to the four main themes were 
identified. The analysis of Performance Test data revealed that 
only students in the Lesson Group created significantly more 
main-theme features than students in the Control Group. 
Though not significant, a trend toward a positive effect of the 
exhibit on students 1 performance on this test was reflected by 
the number of main-theme responses for the Exhibit and 
Exhibit/Talk Groups. 

Thus, the cognitive findings of the Boston study were 
sparse. No doubt the nature of the testing instruments 
themselves provides an explanation. The open-ended Verbal Test 
and broadly defined Visual Test apparently lacked the structure 
needed to tap tne images and mental categories conveyed by a 
museum exhibit. The more focused Performance Test, however, 
provided at least some support for a notion that perceptions and 
images acquired by student visitors to a museum exhibit can be 
manifested through testing. 

Affective data collected at the Museum of Science did, 
however, provide clear-cut evidence of the value of a museum 
exhibit in teaching science. A majority of students who visited 
the focal exhibit reported that they enjoyed the exhibit, found 
it interesting, and wanted to learn more about planets and moons. 
Furthermore, just as in the Philadelphia study, students 
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perceived a discovery type of visit to a science exhibit as a 
learning experience meriting comparison with a school lesson. 

Conclusions 

The results of the joint study conducted by The Franklin 
Institute and the Museum of Science indicate that although 
science museum exhibits can teach science, the greater strength 
of the museum experience is in the affective domain. Both 
investigations provide conclusive evidence that students visiting 
a science museum on a class trip enjoy the visit, find the 
exhibits interesting, and are motivated to learn more about the 
science content that is demonstrated or displayed. Even more 
importantly, it is clear that middle school students perceive 
their museum visit as a lea ning experience. 

Tne findings of the present study have important 
implications for science education. Teachers who turn to a 
participatory science museum as a resource to supplement class- 
room learning will no doubt find that some learning does take 
place on a school trip. But more importantly, thsy can be 
assured that the science museum experience will stimulate an 
interest in learning science by presenting science content in a 
manner that students find exciting. Thus, whether used as an 
introduction to a classroom unit or as a culminating activity, a 
visit to a science museum can effectively complement classroom 
instruction. It ij appropriate to conclude, then, that a science 
museum, by providing exciting exhibits which generate enthusiasm 
for and interest in learning science, can serve as a valuable 
adjunct to formal science education. 
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INTRODUCTION 

Eacii year millions of school children visit museums on class 
field trips. Their teachers use such trips to complement class- 
room instruction, assuming that museums will provide learning 
opportunities not available in schools. Museums have the poten- 
tial for serving ^ valuable adjunct to formal education. 
However, it is necessary to develop an understanding of the 
educational impact of a museum visit before teachers are in a 
position to make optimal use of the museum as a supplemental 
resource . 

Participatory science museums, in particular, provide visual 
and kinesthetic learning experiences that are qualitatively 
different from the experiences associated with classroom lessons 
or printed text. Science museums offer memorable three- 
dimensional vis ions of real objects and opportunities for 
students to actively explore demonstrations of scientific 
principles. The importance of such multisensory learning 
experiences has long been stressed by advocates of "discovery 
learning. h For example, Inhelder and Piaget (1958) luted to 
the child's action upon objects in the environment as an 
integral, even necessary, part of the process of cognitive 
development. Later, Jerome Bruner (1961), a seminal educator, 
extolled the virtues of a discovery approach to learning. He 
maintained that a child who finds things out for him/herself not 
only gains a deeper understanding of the principles invol/ed but 
is more satisfied and motivated than a child who is taught 
didactically. Notions such as thest led to the development of 
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materials-based science programs (e.g., Science Curriculum 
Improvement Study, 197*0 and an increase in hands-on activities 
in many science classrooms. 

Science museums with their interactive devices and numerous 
opportunities for discovery may be seen as the epitome of the 
materials-centered program. While it might be expected that 
school trips to science museums have positive outcomes in both 
the cognitive and affective domains, little experimental evidence 
for museum-based learning is available in the educational 
research literature. Although Borun (1977) showed that casual 
visitors to The Franklin Institute Science Museum made measurable 
cognitive gains, it remained to be seen whether similar outcomes 
are derived from school class visits. 

Studies conducted at the Lawrence Hall of Science in 
Berkeley, California, provide some evidence of learning through 
school trips. Eason and Linn (1976) compared the cognitive test 
responses of fifth to eighth graders who visited two types of 
interactive optics exhibits to responses of control subjects who 
had not been to the exhibits. They found that school students' 
knowledge of optics was improved by a visit to a participatory 
exhibit, regardless of exhibit format. Interestingly, the size 
of the treatment effect differed as a function of the type of 
question which was used. That is, a marked improvement was 
observed when a question was presented in diagram rather than 
written form. 

Also at Lawrence Hall, Sneider, Eason, and Friedman (1979) 
compared high school students randomly assigned to visit the Star 
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Games exhibit to a control group on measures of cognitive 
learning, psychomotor skills in using telescopes, and attitudes 
toward astronomy materials. Their study revealed that the 
exhibit was an effective learning tool, as assessed by both an 
astronomy quiz and a psychomotor measure, but they did not find 
the hypothesized increase in subjects 1 selection of astronomy 
books for later reading, which was intended to demonstrate the 
motivational impact of the exhibit. 

While there is at least some support for the notion that 
children learn on school trips to a science museum, it is neces- 
sary to turn to other than participatory science centers to find 
experimental evidence that museum-based learning has an impact on 
regular classroom learning. One such study conducted at the 
Cincinnati Museum of Natural History (Lambert, 1978) assessed the 
impact on fourth-grade students of supplementing a classroom unit 
on prehistoric Indians with a program conducted at the museum 
and/or a traveling exhibit lesson. Each type of museum lesson 
(on-site and traveling) was shown to enhance performance on a 
multiple-choice test. Further, the group which had both treat- 
ments had the highest scores. 

More recently, Wright (1980) examined the effect of a 
multisensory experience at Ihe Kansas Health Museum on the 
comprehension and application of human biology concepts taught 
during a six-week classroom unit. Whi le sixth-grade classes in 
the experimental group spent three hours at the museum visiting 
the Transparent Lady, two films, and an exhibit on human body 
systems, che control group had three hours of traditional 
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classroom review. Museum activities were found to contribute to 
significantly better achievement on the unit test. 

The Lambert and Wright studies suggest that nusevi- based 
learning can reinforce c lassroom learning. Neither study exposed 
a treatment group to a museum exhibit prior to a classroom lesson 
to look at the possible cognitive and motivational impact of the 
exhioit on subsequent classroom learning. Further, with the 
exception of the Eason and Linn (1976) study, none of the 
research cited above considered the relative effectiveness of 
various types of instruments for assessing museum-based learning. 
Yet it has been suggested that typical claisroom tests which are 
highly verbal in nature may not be appropriate for measuring the 
visual or kinesthetic learning that occurs during a visit to a 
science museum (see Borun, 1977; Kimche> 1978), 

A review of relevant studies clearly reflects a need for 
further investigation of museum-based learning — a need which is 
frequently discussed in museum literature (e.g., Kimche, 1978; 
King, 1981; Wright, 1980). The present research, conducted as a 
joint project of The Franklin Institute and the Boston Museum of 
Science, was an attempt to answer the fol lowing important 
research questions : 

1. What are the cognitive outcomes of a school visit to a 
museum exhibit? 

2. What are the affective outcomes of a school visit to a 
museum exhibit? 

3. Is classroom learning facilitated by a visit to a museum 
exhibit? 
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4. Doss measurement of museum-based learning depend on a 
match between the nature of the learning experience and 
the test mode? 

The study v/as designed to compare the cognitive and 
affective responses of middle school students who visit a museum 
exhibit, students who attend a classroom "lesson covering the same 
content, and students who attend the lesson fol lowing a visit to 
the exhibit, A control group was included in the design to 
provide an indication of baseline knowledge. In order to assess 
the relative effectiveness of various instruments for measuring 
museum-based learning, three types of tests — verbal, visual, 
and performance — were employed. 

Although the same questions were addressed at both The 
Franklin Institute Science Museum and the Boston Museum of 
Science, there were methodological differences at the two sites 
due to differences in focal exhibit, museum audience, and educa- 
tional philosophy. These differences are as follows: 

1. The sample was comprised of fifth and sixth graders at 
The Franklin Institute and sixth and seventh graders at 
the Museum of Science. 

2. The focal exhibit was essentially manipulative at The 
Franklin Institute and visual at the Museum of Science. 

3. Testing instruments at The Franklin Institute were 
highly structured and objective, while those at the 
Museum of Science were open-ended. 

4. At The Franklin Institute, two separate experiments are 
described. The experimental procedures were implemented 
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in the fall for the verbal and visual tests and in the 
spring for the performance test. At the Mu seum of 
Science, all data were collected in the fall. 
It was felt that this variation would permit a broader base 
from which to draw conclusions. Further, since there has 
recently been much discussion concerning the relative merits of 
objective testing versus testing with an open-ended response 
approach (see King, 1981), it was hoped that the differences in 
testing instruments cited in Number 3 above would shed some light 
on questions of instrumentation. 

Because of the methodological differences listed above, 
reports of the investigations conducted at each museum are 
presented separately in this monograph. 
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THE PHILADELPHIA STUDY 

The study conducted at The Franklin Institute was one 
attempt to measure and document the educational outcomes of a 
school trip to a science museum* The basis for the Philadelphia 
study is participatory or kinesthetic learning. Accordingly, 
five participatory devices in Mechanics Hall served as a focal 
exhibit for testing purposes. These devices were designed to 
teach basic facts and concepts in Physics by allowing visitors to 
participate actively in the learning process. That is, visitors 
can manipulate the devices, observe the effects of thair actions 
under varied conditions, and form conclusions about the 
principles involved. 

Study samples at The Franklin Institute consisted of fifth- 
and sixth-grade students for several reasons. First, preliminary 
investigation of science curricula in the Philadelphia area 
indicated that by selecting fifth and sixth graders, a sub- 
stantial number of subjects would not have previously learned in 
school the physics concepts conveyed by the exhibit. Second, 
given the science concepts *nd the level of their presentation in 
the focal exhibit, early fifth grade was found to be an 
appropriate lower limit. Finally, museum reservation records 
indicated that there were sufficient registrations of fifth- and 
sixth-grade classes among the regularly scheduled school groups 
to satisfy the sample requirements. 

Since the intent of the Mechanics Exhibit is to teach basic 
science facts and concepts, it was considered appropriate to 
use tests of science content to assess cognitive outcomes of a 
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visit to this exhibit. Furthermore, since preliminary 
interviews of fifth and sixth graders in Mechanics Hall revealed 
their inability to verbalize the principles which were 
demonstrated, it became apparent that, in order to tap the 
subjects 1 competence, tests would have to stimulate recognition 
or recall of these science concepts. Accordingly, the verbal and 
visual tests designed for the Philadelphia Study are multiple- 
choice in format and responses are recorded with paper and 
pencil. The performance test, on the other hand, employs three- 
dimensional objects and questions are open-ended. Nonetheless, 
all three tests are highly structured and yield quantitative 
scores for museum learning. 

For practical reasons pertaining to the size of the sample, 
the number of experimental groups, and the need to minimize 
testing time, the study at The Franklin Institute consisted of 
two separate experiments. The first experiment, conducted in *.he 
fall, was designed to assess the museum-based learning of a large 
sample of fifth and sixth graders and to examine the effect of 
test mode (verbal vs- visual) on their test performance. The 
same experiment provided the context for the col lection of 
affective data. The second experiment, conducted the following 
spring, focused on cognitive outcomes of a museum visit, assessed 
by a performance test individually administered to a smaller 
group of fifth-grade students. 

The following research hypotheses were tested: 
1. Students visiting an exhibit will score significantly 
higher on a test of science content than students in a 
control group. 
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2. Students will perceive an exhibit as significantly more 
enjoyable, interesting, and motivating than a classroom 
learning experience. 
3 # Students attending a classroom lesson following a visit 
to a museum exhibit will score significantly higher on a 
test of science content than students attending only the 
lesson . 

J|. Students visiting a museum exhibit will score higher on 
a test which closely resembles the learning experience 
than on a traditional paper-and-penci 1 test. 

METHOD 
Experiment 1 

o ample Selection 

In order to solicit their students 1 participation in the 
study, a randomly-selected group of fifth- and sixth-grade 
teachers who had made reservations for class trips to The 
Franklin Institute Science Museum for the month of November 1981 
was contacted by telephone. A free readmission pass for each 
student was offered as compensation. Of the teachers who were 
approached, all of those whose museum schedules allowed time for 
the experimental procedure agreed to participate. 

Data were collected from 432 fifth- and sixth-grade students 
from nine schools. Four were suburban public schools, three were 
suburban parochial (Catholic and other) schools, and two were 
urban parochial schools.^ 

1 No Philadelphia publ ic school groups could be included because 
of a long-term teachers 1 strike. 
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Experimental, Procedure 

Students in each participating school group were randomly 
assigned to one of four experimental groups and one of two test^. 
Color-coded stick-on labels were used to designate group member- 
ship and numbers on the 1 abels indicated which test the student 
would take (i.e., verbal or visual). 

Following a brief orientation, subjects were directed to 
join their group leaders (museum educators), who escorted them 
through the appropriate sequences of activities. Although all 
experimental groups had an equivalent set of experiences in the 
Museum, the order was varied. Events which were experimentally 
irrelevant for a particular group occurred after the tests had 
been administered. The sequence for each group was as follows: 



Time 1 


Time 2 


Time 3 


Test 


Exhibit 


Lesson 


Exhibit 


Test 


Lesson 


Lesson 


Test 


Exhibit 


Exhibit 


Lesson 


Test 



Control Group: 

Exhibit Group: 

Lesson Group: 

Exhibit/Lesson Group: 
Following the third activity, groups were escorted to a 
prearranged meeting place in order to rejoin their teachers. 

Exhibit . A group of five manipulative displays in the 
Simple Machines section of the Mechanics Exhibit was chosen as 
the focus of the study. The displays, the most dramatic of which 
is the "Giant Lever", afford visitors an opportunity to 
experience the mechanical advantage provided by a lever, inclined 
plane, and pulley (see Figure A-1). 
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Since the selected displays are located in Mechanics Hall, a 
very large room which houses many other manipulative displays of 
appeal to middle school children, a portion of the room was roped 
off. In addition, gold stars were affixed to the five displays 
used in the study. 

At the entrance to the exhibit, subjects were asked to be 
sure to see enoh of the five displays with a gold star. No 
science instruction of any kind was provided by the group leader. 
Subjects were permitted to spend up to 15 minutes in the exhibit 
area • 

Lesson . The Simple Machines Lecture was written to convey 
the same scientific concepts demonstrated by the exhibit. There 
was particular concern for keeping the content and vocabulary at 
a fifth-grade level 1 with the exception of necessary technical 
terms (i.e., lever, fulcrum, inclined plane, pulley, and mechani- 
cal advantage). The lecture (as presented in Appendix A-1) was 
edited and approved by a panel of museum educators. 

In order to maintain procedural consistency, the lesson was 
conducted in a museum classroom by the same museum educator each 
time. The lecturer made use of a few small, common demonstration 
materials which would be available to any classroom science 
teacher (see Figure A-2). No question-and-answer period was 
permitted . 
Instruments 

The data-collection instruments for each subject were assem- 
bled into a booklet which was color-coded to indicate his/her 

1 Botel f s "Readability Levels" (1962) was used as a vocabulary 
guide. 
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experimental group. One researcher administered all tests. The 
testing procedure took approximately 15 minutes per group. 
Subjects were instructed to answer every item in their booklets 
and were encouraged to ask for help in reading any words which 
they found difficult (see Figure A-3). 

Demographic Data Sheet . Subjects were asked to provide the 
following information: sex, grade, age, and school. In 
addition, they were to indicate whether or not they had studied 
simple machines in school and to report the number of times they 
had previously visited the focal exhibit. (See Appendix A-2 for 
a copy of the Demographic Data Sheet.) 

Affecti v e Questionnaire , This short questionnaire was 
designed to assess affective outcomes of the museum experiences. 
Specifically, subjects were required to evaluate the exhibit 
and/or lesson in terms of their overall reaction, enjoyment, 
interest, extent of learning, and motivation for future learning. 

The form of the questions differed somewhat for experimental 
groups. Whereas the Exhibit and Lesson Groups were asked to 
compare the museum experience to regular school classes, the 
subjects who had received both treatments were asked to compare 
the exhibit to the lesson. Subjects in the Control Group did not 
complete an affective questionnaire. (See Appendix A-3 for 
copies of the Affective Questionnaires.) 

Cogniti v e Tests . Two forms of a simple machines test 
(i.e., verbal and visual) were developed to assess the cognitive 
outcomes of a visit to the focal exhibit and/or attendance at the 
lesson on simple machines. Since visiting school groups had a 
limited amount of time to devote to the study, an effort was made 
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to minimize testing time and yet construct measures which are 
sufficiently valid and reliable for research purposes. 

The content validity of potential items was established by a 
panel of four science educators. Readability level of each item 
was kept at or below fifth-grede level 1 with the exception of the 
names of the simple machines and their main components. Further- 
more, each version of the test was piloted with fifth- and sixth- 
grade students. On the basis of the analyses of pilot data, 
items were revised if they were shown to be unclea* or ambiguous. 
Other items were eliminated if they did not discriminate well 
between high and low scorers on the total test. 

1. Verbal Test. The Verbal Test consists of 10 four-option 
multiple-choice items. Items were designed to measure the 
students 1 recognition of vocabulary and comprehension and 
application of the operational concepts of three simple machines 
(i.e., lever, inclined plane, and pulley). For example, the 
following items were used to measure the recognition, compre- 
hension, and application, respectively, of the inclined plane: 

Which one is an inclined plane? 

A. a swing 

B. a seesaw 

C. a jungle gym 

D. a sliding board 



^Since the formulas traditionally used for assessing the reada- 
bility level of text are not appropriate for multiple-choice 
items, the vocabulary level of the tests was controlled by using 
Botel f s (1962) guidelines. 
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It is easiest to pull a weight up a ramp if the ramp is 

A. very steep. 

B. sort of steep. 

C. hardly steep at all. 

D. The steepness has nothing to do with it. 

A heavy box must be moved from the floor to a platform. 
Which way of moving the box would take the least force? 

A. picking it up and placing it on the platform 

B. tying a rope around it and pulling it up over the side 
of the platform 

C picking it up and carrying it up steps leading to the 
platform 

D. tying a rope around it and pulling it up a long board 
leading to the platform 

The instrument includes parallel sets of questions for the lever 
and pulley and an additional item requiring the recognition of a 
simple machine from a group that includes complex machines. 
Subjects respond to each item by circling the letter in front of 
the selected response. The score for each subject is the number 
of items answered correctly. (See Appendix A-4 for a copy of the 
Verbal Test.) 1 

2 - V isua l Test. The 10 items on the Visual Test are 
parallel in content to those on the Verbal Test. However, the 
stem of each multiple-choice item contains a minimal number of 
words. For example, the last item cited above appears as follows 
in the Visual Test: "Which picture shows the way of raising the 
box that takes the least force?" The optional responses are then 
presented pictorially. Thus, the test provides a learning 



The internal consistency reliability coefficient (K-R 
Formula 20) computed from test data for the present sample was 
.50. While not high, such a reliability coefficient is 
considered satisfactory for assessing group differences and is, 
in fact, typical of reliabilities for tests with only 10 items. 



18 39 



assessment which is far less dependent on linguistic ability, 
(See Appendix A-5 for a copy of the Visual Test.) 1 
Experimental Design 

A 4 (Treatment) X 2 (Test) factorial design was employed to 
analyze the data from Experiment 1. 
Sample Description 

The final sample consisted of 416 fifth- and sixth-grade 
students. 2 Specifically, each of the eight cells in the experi- 
mental design included 26 subjects (13 boys and 13 girls) from 
each grade. 

Analyses of demographic data indicated that the groups were 
not significantly different in terms of chronological age^ (see 
Table A-1) and the number of subjects reporting previous visits 
to the exhibit (see Table A-2). On the other hand, it can be 
seen that groups taking the Verbal Test differed significantly in 
the proportion of subjects reporting having studied simple 
machines in school, with the greatest discrepancy between per- 
centages for the Exhibit and Lesson Groups (see Table A-3). 



The internal consistency reliability coefficient (K-R 
Formula 20) computed from test data for the present sample was 
.67. 



^Sixteen students from whom data were collected were randomly 
eliminated from the sample in order to achieve an equal 
distribution of sexes and grades in each cell of the design. 

3 F < 1, df = 3/408, ns. 
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However, this difference would not have had a significant effect 
on group scores, since statistical analyses showe that test 
scores are not related to having studied the topic in school. 
Further, analysis of individual responses revealed that the dis- 
crepancy in reporting having studied the subject in school may be 
due to the fact that, unlike students in the Lesson Group, 
students who visited the exhibit tended not to recognize "simple 
machines" as the same topic they studied in school. 



TABLE A-1 

Means and Standard Deviations of Age in Years 
for Experiment 1 

Group 

Control Exhibit Lesson Exhibit/Lesson 

Test M SD M SD M SD M SD 

Verbal 11.18 (.79) 11.02 (.63) 11.03 (.75) 11.10 (.74) 
Visual 11.05 (.75) 11.06 (.82) 11.23 (.82) 11.05 (.66) 

Note: N = 52 in each experimental group. 



TABLE A-2 

Frequencies and Percentages of Reports of 
Previous Visits to the Exhibit 



Group 



Control Exhibit Lesson • Exhibit/Lesson 



Test f < f * ft f % X 2 



Verbal 29 56* 31 60* 25 48* 25 48* ffs 
Visual 30 58% 28 54* 27 52* 29 5.6* ns 



Note: N = 52 in each experimental group. 



TABLE A-3 

Frequencies and Percentages of Reports of Previous 
Study of Simple Machines in School 



Group 



Control Exhibit Lesson Exhibit/Lesson 



Test f * f * f % f % X 



Note: N = 52 in each experimental group. 
*p < .05. 
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Verbal 24 *6% 16 3!* 33 64* 26 50* 1 1.31* 

Visual 18 35* 25 48* 26 50* 29 56* ns 



Experiment 2 

Sample Selection 

Data for Experiment 2 were collected from 111 students in 
four classes randomly selected from fifth-grade groups with 
reservations for school trips to The Franklin Institute Science 
Museum during the mor.th of April 1982. Since it wis the second 
half of the school year, this sample was at approximately the 
midpoint between the two age groups tested in Experiment 1. 
Experimental Procedure 

The procedure for randomly assigning subjects to experi- 
mental groups and the sequence of activities for each group were 
the same as described for Experiment 1. However, since there was 
no need to divide subjects into two test groups for this experi- 
ment, individual subject ID numbers, rather than test numbers, 
were written on the color-coded labels. 

Exhibit . The five displays in the Simple Machines Exhibit 
described earlier were again the focus of investigation. 
The exhibit experience was the same as that described for 
Experiment 1. 

Lesson . The Simple Machines Lecture described earlier was 
delivered by the same museum educator who participated in 
Experiment 1. However, for Experiment 2, drawings of simple 
machines, rather than small three-dimensional objects, were used 
to complement the lecture. This change was dictated by a need to 
use different modalities in the lesson and the test in order to 
avoid bias in favcr of the Lesson Group. Thus, for Experiment 1, 
which involved a picture test, three-dimensional demonstration 
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objects were used; whereas for Experiment 2, which was an object- 
manipulation test, pictures were used. Minor revisions were made 
in the text of the lecture in order to accommodate this change. 
Instruments 

Performance Test M ateria ls. In Experiment 2, three-dimen- 
sional manipulative materials were used to assess the cognitive 
outcomes of a viait to the focal exhibit and/or attendance at the 
lesson on simple machines. The testing materials were presented 
at three stations (i.e., one for each simple machine). Test 
materials at each station included two miniature men ("Smurfs*) , 
a 3 1/2 inch wooden cube which served as a platform, a weight 
with a hook on it, and three examples of one of the zree simple 
machines. The machines were constructed as follows: 

Lever — One metal fulcrum stand and three wooden lever arms 
which varied in length, but each of which had a hook for 
the weight located the same distance from the fulcrum 
attachment 

Inclined Plane — - Three solid wooden ramps, all 3 1/2 inches 

high, but varied in slope and, hence, in length 
Pulley — T ' ree pulley systems, each attached to a separate 
ring stand, as follows: one fixed pulley (one rope), one 
fixed pul] * and one movable pulley (two ropes), and two 
fixed pulleys and one movable pulley (three ropes) 
All materials were housed in large open-sided cardboard cartons 
which served as testing carrels (see Figure A-4). 
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Testing Procedure . At each testing session, all subjects 
proceeded from station to station in the same order. However, 
the locations of the three simple machines were randomized for 
the four test sessions. 

At each station the following problem situation was posed: 
"This little man (a »Smurf') has to raise this heavy weight to 
the top of the platform. He is too little to do it without some 
help, show me how the Smurf could use one of these to make the 
job easier." A subsequent open-ended question — "Which one 
would make it ea3iest to lift the weight?" — assessed the 
subjects' ability to apply simple machines concepts to three- 
diaensional materials. A further question ~ "Why did you choose 
that one?" — required subjects to explain the basis of the 
mechanical advantage of each of the machines. Finally, students 
were asked to name the simple machines. Responses were recorded 
by the examiner assigned to each testing station. (See Appendix 
A-6 for copies of the data sheets.) 

Scoring . All data sheets were scored by the same re- 
searcher. One point was awarded for each correct response. 
Thus, there was a potential total test score of 12 points (i.e., 
four points for questions pertaining to each of the three simple 
machines) . ' 
Experimental Design 

Since all subjects participating in Experiment 2 took the 
same test, there was only one independent variable (Treatment) 

1 The internal consistency reliability coefficient (K-R 
Formula 20)computed from test data for the present sample was 
• 7 0 • 
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comprised of four levels (Control, Exhibit, Lesson, and 
Exhibit/Lesson) , 
Sample Description 

The final sample for Experiment 2 consisted of 104 fifth- 
grade students. Each of the experimental groups included 14 boys 
and 12 girls. 1 

Mean chronological ages for the four groups were not signi- 
ficantly different (see Table A- 4). 2 Furthermore, the overall 
mean age (11.09 years) was the same as that for the entire sample 
in Experiment 1. 



TABLE A-4 

Means and Standard Deviations of Age in Years 
for Experiment 2 

Group 

Control Exhibit Lesson Exhibit/Lesson 

M SD M SD M SD M SD 

11.00 (.40) 11.09 (.47) 11.10 (.50) 11.16 (.46) 



Seven students from whom data were collected were randomly 
eliminated from the sample in order to achieve the same propor- 
tion of boys and girls in each treatment group. 

2 F < 1, df = 3/100, ns. 
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Teacher Survey 

A Visiting Teacher Questionnaire was used to gain insights 
into museum-based learning beyond those yielded by Experiments 1 
and 2. 
Sample 

The questionnaire was mailed to 64 fifth- and sixth-grade 
teachers who had visited The Franklin Institute Science Museum 
with their classes in Fall 1981. A reminder letter wa3 wailed 
to non-respondents two weeks later. A total of 32 teachers 
returned completed questionnaires. 
Instrument 

The Visiting Teacher Questionnaire was designed to collect 
information about teachers 1 motivations for scheduling class 
trips to The Franklin Institute and to elicit their observations 
of the educational outcomes of their students 1 visits. An open- 
ended format was used in order to encourage comments outside the 
domain of obvious responses. (See Appendix A-7 for a copy of the 
questionnaire. ) 
Data Analysis 

Data from the Visiting Teacher Questionnaire were analyzed 
qualitatively. That is, teachers 1 responses to the questions 
were summarized and used to supplement experimental findings. 
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RESULTS 
Cognitive Outcomes 

To evaluate how effectively a manipulative museum exhibit 
can convey scientific ideas, several types of analysis were use*. 
First, total scores on the Simple Machines Tests were analyzed by 
means of analysis of variance. Second, proportions of subjects 
exhibiting a high level of competence were compared across 
experimental groups to provide a qualitative assessment of museum 
learning. Third, subjects 1 subscores fcr groups of related items 
on the Verbal and Visual Tests were examined to provide infor- 
mation about the specific nature of the learning that takes place 
in the museum exhibit. Finally, teachers 1 survey responses 
describing cognitive outcomes of their visits were summarized. 
Experiment 1 : Verbal and Visual Tests 

Ana l ysis of Tota l Test Scores . Mean3 and standard devia- 
tions of total scores on the Verbal and Visual Tests, separately 
and for both tests combined, for subjects in each of the four 
experimental groups are presented in Table A-5. 

Total test scores were analyzed by means of a H (Treatment) 
X 2 (Test) analysis of variance. The results of the analysis can 
be summarized as follows: 

1. Experimental groups differed significantly in their 
performance on the Simple Machines Tests. 1 Subsequent 
comparisons 2 indicated that the mean score of the Exhibit Group, 



1 F = 26.40, df = 3/^08, p < .001. 

2 The Newman-Keuls Test was used to make pairwise comparisons. 
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while significantly higher than that of the Control Group, is 
significantly lower than that of the Lesson Group. Furthermore, 
the mean score of the Exhibit/Lesson Group does not differ 
significantly from that of the Lesson Group. 

2. Subjects taking the Visual Test scored significantly 
higher than subjects taking the Verbal Test. 1 

3. Mean scores of the treatment groups were not 
differentially affected by the type of test (i.e., verbal vs. 
visual) . 2 



TABLE A-5 

Means and Standard Deviations of Total Scores 
on the Verbal and Visual Tests 

Group 

Control Exhibit Lesson Exhibit/Lesson 

Test M SD M SD M SD M SD 

Verbal 4.87 (1.72) 5.77 (1.89) 6.25 (2.06) 6.70 (2.01) 

Visual 5.79 (2.29) 6. 91 (1.92) 8.29 (1.38) 7.98 (1.57) 

Both 

Tests 5.33 (2.06) 6.36 (1.99) 7.27 (2.02) 7.31 (1.90) 
Note: Maximum score on each test = 10. 



1 F = 51.57, df = 1/M08, p < .001. 
2 F = 1.71, df = 3/408, ns. 
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In order to assure that the experimental results were not 
affected by the discrepancy reported earlier in the number of 
subjects per cell who indicated that they studied simple machines 
in school, data were analyzed separately for subjects who did and 
did not report having a unit on simple machines in school. Both 
analyses yielded results which are consistent with those for the 
entire sample. 

It can be seen, then, that a visit to the Simple Machines 
Exhibit i_s a learning experience for fifth- and sixth-grade 
students. Moreover, the finding that the lesson was, over all, a 
more effective brief learning experience than the exhibit is not 
particularly surprising. The lecture is concise, well written, 
and was delivered by an exceptionally effective museum educator. 
Furthermore, discovery learning such as that taking place in the 
exhibit is apt to be a much slower and more subtle experience 
(cf. Guthrie, 1967) than the transmission of information through 
an organized lecture. 

On the other hand, it is surprising that subjects attending 
the lesson after a visit to the exhibit did not score signifi- 
cantly higher on the cognitive tests than subjects having only 
the lesson. However, an examination of means for each test 
separately (see Table A-5) yields some additional insights not 
revealed by the analysis of variance. Scores on the Verbal Test 
are somewhat higher for the Exhibit /Lesson Group than for the 
Lesson Group. However, a slight trend in the opposite direction 
can be seen in the means for the Visual Test. This may be due to 
the fact that there is evidence of a ceiling effect on the Visual 
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Test; the mean score for the Lesson Group is so high that there 
is little room for improvement. These trends are more clearly 
seen in the mastery-level analysis to follow. 

A lesser dependence on reading ability may explain the 
finding that the Visual Test yielded a higher overall mean score 
than the Verbal Test. Finklestein and Hammill (1969) similarly 
found that fifth graders performed significantly better on a 
pictorial version of a science inventory than on a reading-baaed 
version of the same test. 

Finally, since scores on the Visual Test are consistently 
higher across treatment groups than scores on the Verbal Test, 
Experiment 1 did not provide evidence of a link between learning 
mode and testing mode. Nevertheless, it is important to keep in 
mind that the Simple Machines Exhibit can more appropriately be 
classified as manipulative than visual. Thus, the Visual Test 
does not really match the learning mode. 

Ana l ysis of M astery-Le vel Achie vement . This analysis 
focused on the quality of individual achievement on the Verbal 
and Visual Tests rather than on mean behavior of groups. For the 
analysis, a subject was classified as having mastered the science 
ideas conveyed by the exhibit and/or lesson if he/she responded 
correctly to at least seven of the ten items on the test. Seven 
was chosen as the criterion in order to exceed the level at which 
a score would be likely to result from guessingJ 



For a 10-item, ^-option multiple-choice test, the probability of 
attaining a score of seven or more by guessing alone is less 
than .C03* 
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Frequencies and percentages of subjects in each experimental 
group scoring at a mastery level on the Verbal and Visual Tests 
are presented in Table A-6. 

TABLE A-6 

Frequencies and Percentages of Mastery 
on the Verbal and Visual Tests 

Group 

Control Exhibit Lesson Exhibit/Lesson 



Test f % f % f % ft 



Verba 1 . 


8 


15* 


18 


35* 


20 


38* 


27 


52* 


Visual 


19 


37% 


29 


56* 


47 


90* 


45 


86* 


Both 
Tests 


27 


26* 


47 


45* 


67 


64* 


72 


69* 


Note: N 


= 52 


in each 


group. 













Although the general pattern of results is the same as that 
shown by the analysis of variance, the percentages in Table A-6 
reflect clearer evidence of two trends reported earlier* 
Specifically, Verbal Test data provide some evidence of the 
impact of the exhibit experience on subsequent classroom 
learning. While 38% of subjects in the Lesson Group had mastery- 
level scores on the Verbal Test, 52% of subjects in the Exhibit/ 
Lesson Group achieved the same level. With regard to the Visual 
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Test, the ceiling effect mentioned before is even more 
pronounced. Specifically, 90* of the subjects in the Lesson 
Group achieved test scores of seven or more. 

Analysis of Sub3cores . In an attempt to delve further into 
the nature of the learning that takes place in the exhibit, test 
items were grouped into the following categories: 

Vocabulary — items requiring recognition of a lever, a 
pulley, and an inclined plane (i.e., Items 3, 4, and 6) 

Concept — items assessing knowledge of the principle of 
each simple machine (i.e., Items 7, 9, and 10) 

Application — items describing a practical application of 
each of the simple machines (i.e., Items 2, 5, and 8) 
i.ach category, then, is comprised of three items, one for each of 
the simple machines which are the focus of the dtudy. 1 

Each of the three sets of subscores was analyzed by means of 
a 4 (Treatment) X 2 (Test) analysis of variance. As was the case 
with total test scores, significant treatment and test effects 
wer* revealed by each analysis, but mean scores of the treatment 
groups were noc differentially affected by type of test. 



To maintain symmetry of categories, Item , , which deals with 
the meaning of the term "simple machine", was not included in 
the present analysis. 
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Further analyses f significant treatment effects for 
Vocabulary 1 , Concept 2 , and Application^ subscores revealed that 
the pattern of means differs somewhat according to the type of 
test item. (See Table A-7 i . group subscore means.) 

TABLE A-7 

Means and Standard Deviations of Subscores 
on the Verbal and Visual Tests 



Group 



Control 



Exhibit 



Lesson 



Exhibit/Lesson 



Category 

Vocabulary 
Concept 



M 



SD 



1.85 '.96) 
1.31 (.86) 



pplication 1.60 (.92) 



M 



SD 



1.91 (.90 
1.86 (.84) 
1.82 (.96) 



M 



SD 



2.29 (.73) 
1.91 (.95) 
2.16 (.93) 



Note: Each category includes three items. 



M 



SD 



2.32 (.78) 
1.87 (.89) 
2.30 (.86) 
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In the case of Concept items, all three treatment groups 
scored significantly higher than the Control Group and their 
means are approximately the same. Thus, the analysis of Concept 
subscores provides empirical evidence that the exhibit is as 
effective as the lecture in teaching the principles of the lever, 
inclined plane, and pulley. 



1 F = 8.78, df = 3/^08, p < .001. 
2 F = 13.98, df = 3/408, p < .001. 
3 F = 13.09, df = 3/408, p < .001. 
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Additional scrutiny of individual test items revealed that 
the lever principle is the concept most effectively conveyed by 
the exhibit. To understand why, one needs only observe activity 
in Mechanics Hall for a few minutes. The Giant Lever is clearly 
the focal point of the large exhibit area. It is particularly 
appealing to visiting school groups who obviously enjoy 
expeviencing the mechanical advantage provided by a lever in 
lifting a 500-pound weight with their own bodies. More imDor- 
tantly, children learn the principle conveyed by the Giant Lever 
without needing to rely either on printed operating instructions 
or explanations (neithei of which is available in this display). 

With respect to Vocabulary and Application items (see Table 
A-7) ? on the other hand, only the lesson, alone or in combination 
with the exhibit, was found to be effective in producing signifi- 
cantly higher scores than those for the Control Group. This is 
not surprising in view of earlier research (Borun & Miller, 1980) 
which hds shown that very few young visitors (under age 19) read 
museum labels. Therefore, it is readily understood that, in the 
absence of any other form of linguistically-based information 
(such as oral instruction), fifth and oixth graders in the 
Exhibit Group did not learn to identify the simple machines by 
name . 

With respect to Application items, the focal exhibit (unlike 
the les^n) does not present information on everyday applica- 
tions. The absence of such suggestion is especially evident for 
the devices constructed to teach the concepts of the inclined 
plane and the lever. Moreover, the levers and inclined plane 
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found in the exhibit do not even resemble commonly-used forms of 
these simple machines; thus, it is understandable that the 
students had difficulty relating the exhibit devices to real 
effort-saving situations. 
Experiment 2; Performance Test 

Ana l ysis of Total Test Scores , Means and standard devia- 
tions of total scores on the Performance Test for each of the 
experimental groups are presented in Table A-8. 

TABLE A-8 

Means and Standard Deviations of Total Scores 
on the Performance Test 

Group 

Control Exhibit Lesson Exhibit/Lesson 

M SD M SD M SD M SD 

5,27 (1.95) 7. '9 (2.53) 7.38 (2. 19) 8.42 (2.60) 

Note : Maximum score = 12. 

N = 26 in each group. 

A one-way analysis of variance performed on test scores 
showed a significant treatment effect. ^ Pairwise comparisons of 
the means*- indicated that subjects in each of the three treatment 
groups scored significantly higher on the Performance Test than 
subjects in the Control Group. Unlike in Experiment 1, means for 

1 F = 8.27, df = 3/100, p < .001. 
p 

^Newman-Keuls Test 
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the Exhibit, Lesson, and Exhibit/Lesson Groups are not signifi- 
cantly different from one another. 

Thus, the exhibit was shown, again, to be effective in 
conveying science content. In fact, test scores of subjects 
visiting the exhibit compare more favorably with scores of 
subjects attending the lesson than they do on either the Verbal 
or Visual Tests. This finding can be interpreted as evidence 
that a match between learning and testing modes is important, 
since the Performance Test, which provides the closest match to 
the exhibit experience, proves to be the most sensitive measure 
of exhibit-based learning. 

In addition, the Performance Test data reflect ^ tendency 
(though not statistically significant) for subjects experiencing 
both the exhibit and lesson to attain higher test scores than 
subjects attending only the lesson. 

Ana l ysis of Mastery-Le vel Performance . For a qualitative 
comparison of the Performance Test results across experimental 
groups, a score of nine out of 12 possible points (75%) was 
selected as the criterion for mastery. 

Frequencies and percentages of subjects in each treatment 
group achieving a mastery level are shown in Table A-9* An 
examination of the table reveals that the overall pattern of 
treatment effects on test performance is essentially the same as 
that for the analysis of total test scores. Again, there is 
evidence that students learn from the exhibit and that there is a 
small, but positive, impact of a prior visit to the exhibit on 
subsequent learning from the lesson. 
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TABLE A-9 

Frequencies and Percentages of Mastery 
on the Performance Test 



Group 



Control Exhibit Lesson Exhibit /Lesson 



$% 8 3U 10 38? 13 50% 



Note: N = 26 in each group. 

A second analysis of mastery was suggested by the 
Performance Test data. Unlike the Verbal and Visual Testj, which 
consist entirely of multiple-choice items requiring recognition 
of correct responses, the Performance Test includes open-ended 
questions which demand explanations of the principles of the 
simple machines. These items are not only difficult to answer by 
guessing, but actually test the central message of the exhibit 
and/or lesson. Therefore, a comparison was made across experi- 
mental groups of the proportion of subjects who displayed 
competence by correctly describing the principles of at least two 
of the three simple machines. 

The number and percentage of subjects in each experimental 
group who met the criterion described above are shown in Table A- 
10. It can be seen that the proportion for the Exhibit Group 
compares favorably with that for the Lesson Group and that the 
proportion for the Exhibit/Lesson Group is hijhest of all. This 
analysis provides the most convincing evidence that prior 
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experience with a hands-on museum exhibit stimulates later class- 
room learning, 

TABLE A-10 

Frequencies and Percentages of Correct Explanations for 
at Least Two of Three Science Principles 



Group 



Control Exhibit Lesson Exhibit/Lesson 



15* 10 38* 9 35* 15 58* 



Note: N = 2b in each group. 

Comparison of Results of the Two Experiments 

Although Experiment 1 (Verbal and Visual Tests) and 
Experiment 2 (Performance Test) data were not collected from the 
same sample, or even samples of the same size, it is interesting 
to compare the results of the two investigations. For this com- 
parison, scores on the three tests were converted to percentages. 
Mean scores on the three tests for the four experimental groups 
are presented in Table A— 11. 

A close examination of the table yields a number of observa- 
tions which are rorthy of comment. First, although one might 
expect Control Group scores to be lowest on the Verbal Test 
because of its reading demands, it can be seen that they are 
lowest on the Performance Test. The explanation probably lies in 
the fact that the tests differ not only in response mode (verbal 
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vs. performance), but also in the level of difficulty of the 
required response. While the Verbal Test consists of multiple- 
choice items requiring only recognition of the correct answer and 
allowing for successful guessing, the Performance Test questions 
are open-ended, requiring that students recall and state the 
correct answer. 

TABLE A-11 

Means of Percentage Scores on All Three Tests 



Group 



Test Control Exhibit Lesson Exhibit/Lesson 



Verbal 49% 58% 63* 67% 

Visual 58% 69% 83% 80% 

Performance 44% 60% 61% 70% 



Note: N = 52 for Verbal and Visual Test groups. 
N = 26 for Performance Test groups 



Second, Table A-11 provides evidence that the Performance 
Test is mo;e sensitive than the other two tests in tapping 
learning from the exhibit. Not only is the difference between 
scores for the Control and Exhibit Groups greatest on the 
Performance Test, but subjects in the Exhibit Group did very 
nearly as well as subjects in the Lesson Group ^ r this test. 

Third, the combined effect of the two treatments on 
Performance Test scores is clearly apparent here and wou Id most 
likely have shown a significant increase over groups having just 
one treatment had the sample size been larger. 
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Teacher Survey 

Teachers 1 responses to the questionnaire clearly indicate 
that their primary motivation for bringing classes to the Museum 
is science education. In fact, when asked to list and rank order 
reasons for class visits, 66% of the teachers who responded cited 
science learning as most important. Those teachers frequently 
reported that the visit was a culminating activity for a particu- 
lar science unit. One teacher, on the other hand, wrote that the 
Museum "provided an apperceptive base for future lessons," 
Furthermore, while 38% of the responding teachers commented on 
the variety of learning experiences provided by the Museum, 34% 
specifically mentioned the "hands-on" nature of science museum 
learning as a reason for the visit, 

A large proportion of teachers felt that their goals for the 
visit were, indeed, fulfilled. Educational outcomes cited by the 
teachers support this perception. The reinforcement of science 
concepts was most often listed (S0% of respondents) as an outcome 
of the museum visit. Exposure to new science concepts was another 
frequently mentioned outcome. The only unfulfilled expectations 
reported were two teachers* disappointment in not being able to 
use the Observatory because of inclement weather. 

When asked to list specific student behaviors which 
demonstrated educational outcomes, teachers most often mentioned 
that museum learning was seen in contributions to class 
discussion (55%) or questions students asked in class (21%). 
Some teachers also cited their students' written reports, science 
projects, and even art projects as indications of museum-based 
learning . 
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Teachers were asked about their classroom activities in 
preparation for the museum visit. Many respondents described 
pre-trip activities involving an orientation to the museum and 
suggestions about what to see. This is consistent with the 
findings of a recent study at the Chesapeake Bay Nature Center of 
the effects of three types of advance preparation for a school 
visit. In this study, Falk (1982) found that orientation to the 
site is most effective. 

Almost the entire sample (9451 of responding teachers) 
followed up their museum visit with classroom activities. Most 
frequently the follow-up activity was an oral discussion about 
the students 1 experiences in the Museum; however, some teachers 
assigned written reports about the visit. A few mentioned that a 
science unit was initiated as an outgrowth of the museum 
experience. One teacher specifically listed a unit on the circu- 
latory system which grew out of the children's walk through the 
Heart exhibit. A particularly powerful endorsement for museum 
learning came from the teacher who reported that the class he 
took to the Museum for a visit to the Weather Station "performed 
better on a meteorology test than other groups who did not have 
the museum lesson." 

In summary, then, it can be seen that the teacher question- 
naire data clearly complement the cognitive findings of the 
experiments conducted at The Franklin Institute. Teachers do 
bring their classes to the Museum primarily to learn science and, 
in fact, to complement school science lessons. Both teacher 
reports and experimental data indicate that their educational 
expectations are being met. 
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Affective Outcomes 

The Affective Questionnaire, which was completed by all 
subjects in Experiment 1 except those in the Control Group, 
provides valuable information regarding students 1 attitudes 
toward the exhibit and/or lesson, their perception of the activi- 
ties as learning experiences, and their motivation to learn more 
about simple machines. 
Overall Reaction 

Subjects expres^d their reaction to the exhibit and/or 
lesson by selecting the cartoon face and descriptive wording 
which be^t indicate how much they liked the activities. 
Percentages of subjects choosing each response are presented in 
Table A-12. 

The data were analyzed by assigning numerical values from 5 
for "I love it" to 1 for "I hate it." When mean ratings for the 
Exhibit and Lesson Groups were compared, it was found that, 
although the reaction to both activities was very positive, the 
exhibit (M = 4.30) was significantly better liked than the lesson 
(M = 3.70). A similar analysis was used to compare reactions to 
the exhibit and lesson, respectively, among subjects who received 
both treatments. Again, the mean rating is significantly h? ;her 
for the exhibit (M = 4.22) than the lesson (M = 3. 48). 2 It is 
interesting to note that, although the exhibit was almost equally 
rated by subjects in the Exhibxt and Exhibit/Lesson Groups, the 
reaction to the lesson was somewhat less positive among subjects 



1 t = 5.13, df = 206, p < .001 (independent-samples t test). 

2 t - 9.17, df = 103, p < .001 (correlated-samples t test). 
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who experienced both activities and thus had a basis for 
comparison . 



TABLE A-12 
Overall Reaction 



Group 



Exhibit 



Response 




41* 



48% 



I like it 




1056 



I don't like 
cr dislike it 




n 



1 dislike it 




0% 



I hate it 



Lesson 



15% 



56% 



18% 



5% 



6% 



Exhibit/Lesson 



1 



Exhibit 



40% 



45% 



12% 



2% 



1% 



Lesson 



8% 



48% 



35% 



4% 



6% 



1 



Subjects in this group reacted to both exhibit and lesson. 



Note: N = 104 in each group. Therefore, frequencies are 
approximately equivalent to the percentages. 
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Finally, reference to Table A-12 reveals that the difference 
in overall reaction to the treatments is most dramatically seen 
in the selection of the cartoon face with the broadest smile. 
While Mil of subjects in the Exhibit Group reported that they 
loved the exhibit, only 15* of those in the Lesson Group felt the 
same way about their activity. Furthermore, the difference is 
even more striking in the responses of the subjects who had both 
treatments. Although *\0% reported that they loved the exhibit, 
only 8% reported loving the lesson. 
Enjoyment 

The second item of the Affective Questionnaire assesses the 
enjoyment provided by the exhibit and lesson. The nature of the 
question differs according to whether subjects received one or 
both treatment(s). Subjects in the Exhibit and Lesson Groups 
compared their enjoyment of the museum activity to regular school 
classes, whereas subjects receiving both treatments compared the 
exhibit tr the lesson. 

Percentages of subjects in the Exhibit and Lesson Groups 
choosing each response are presented in Table A- 1 3. An analysis 
of item responses indicates that when compared to school classes, 
the exhibit is perceived as significantly more enjoyable than the 
lesson. Mean ratings (on a 5-point scale) for the Exhibit and 
Lesson Groups ar* 4.H7 and 3.46, respectively. 1 Further 
reference to the table reveals that & total of 87% of subjects in 
the Exhibit Group, as compared to 51% of subjects in the Lesson 
Group, found the activity more enjoyable than school classes. 

1 t = 2.97, df = 206, p < .01 (independent-samples t test). 
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TABLE A-13 
Enjoyment 



Group 



Comparison of Museum Activity 
to School Classes 



Exhibit 



Lesson 



Much more enjoyable 

A little more enjoyable 

About as enjoyable 

A little less enjoyable 

Much less enjoyable 



68% 
19% 
6% 
5% 
2% 



21% 
27% 
29% 
10% 
10% 



Note: N = 101 in each group. 



The responses of subjects in the Exhibit/Lesson Group, who 
compared the exhibit to the lesson, indicate that 75% enjoyed the 
exhibit more, 5% enjoyed the lesson more, and 20% considered them 



equally enjoyable. 



1 



Thus, the data provided by the 



Exhibit/Lesson Group reflect even more clearly the greater enjoy- 
ment afforded by the exhibit. 
Interest 

On the third item, subjects in the groups receiving one 
experimental treatment compared the exhiDit or lesson to their 
school classes in terms of interest. Percentages of subjects 
selecting each response are shown in Table A-11. 

A comparison of mean ratings (on a 5-point scale) indicates 
that the exhibit (M = 1,29) compares significantly more favorably 



1 



chi square = 81.51, df = 2, p < .001. 
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with school classes than the lesson (M = 3,31). 1 Moreover, 
as seen in Table A-14, a total of 80% of subject* in the Exhibit 
Group, as compared to 47% of subjects in the Lesson Group, found 
the activity more interesting than school classes, 

TABLE A-14 
Interest 

Group 

Comparison of Museum Activity ~ "~ ~ 

to School Classes Exhibit Lesson 

huch more interesting 
A little more interesting 
About as interesting 
A little less interesting 
Much less interesting 

Note: N r 104 in each group. 



57% 
23% 
13% 
6% 
H 



14% 
33% 
31% 
13% 
9% 



The Exhibit/Lesson Group data provide even stronger evidence 
of the effectiveness of the exhibit in stimulating interest. 
While the exhibit as conoidered more interesting by 81% of the 
subjects who had both treatments, the lesson was selected by only 
10%, and the activities were considered of equal interest by 9% 
of the sanple. 2 

1 t = 6,53, df = 206, p < .001 ( independent-samples t test). 
2 chi square - 102.27, df = 2, p < .001. 
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Extent of Learnin g 

In order to determine the extent to which the exhibit and 
lesson are perceived as learning experiences, subjects in the 
Exhibit and Lesson Groups were asked to compare their museum 
activity to their school classes. Percentages of subjects 
selecting each response are shown i.i Table A— 15. 

TABLE 'i-15 
Extent of Learning 

Group 



Comparison of Museum Activity 

to School Classes Exhibit Lesson 

Learned much more 25% 18% 

Learned a little more 41% 31% 

Learned about the same 24% 39% 

Learned a little less 8% 7% 

Learned much less 2% 5% 



Note: N = 104 in each group. 

TY analysis of item responses (on a 5-point scale) revealed 
that the exhibit (M = 3.80) comps *es significantly better than 
the lesson (M = 3.51) with sohool classes in terms of the amount 
that subjects felt they had learned. 1 Furthermore, reference to 
Table A- 1 5 shows that a total of 66% of subjects in the Exhibit 
Group, as compared to 49% of subjects in the Lesson Group> 

*t = 2.02, df = 206, p < .05 (independent-samples t test). 
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responded that they learned more from the museum activity than 
they learn in school classes. 

Subjects in the Exhibit/Lessen Group, on the other hand, did 
not see a similar difference in the instructional effectiveness 
of the two treatments. Specifically, 37% reported learning more 
from the exhibit, 3611 from the lesson, and 27% considered them 
equivalent . ' 

It is important to note here that, although cognitive test 
scores tend to show more learning from the lesson, many subjects 
perceived themselves as learning as much, or even more, from the 
exhibit. Therefore, a class visit to a participatory science 
exhibit is clearly considered by the students to be a learning 
experience and not merely a recreational activity such as 
visiting a playground. 
Motivation for additional Learning 

As a measure of motivation, subjects in each of the three 
treatment groups were asked to report how interested they would 
be in learning more about simple machines. Percentages of 
subjects giving each response are presented in Table A- 1 6. 

Item responses (on a 4-point scale) were analyzed by means 
of a one-way analysis of variance. The results revealed that the 
groups differed significantly in their motivation for future 
learning. 2 Specifically, the mean for the Exhibit Group (M = 
3.27) is significantly higher than that for the Lesson (M = 2.94) 
or the Exhibit /Lesson (M - 3.00) Groups. Moreover , reference to 

1 chi square = 1.81, df = 2, ns. 
2 F = 4.88, df = 2/309, p < .01. 



Table A-16 indicates that the percentages of subjects wno were 
very interested in learning more about simple machines are 43% 
for the Exhibit Group, 27% for the Lesson Group, and 28% for the 
Exhibit/Lesson Group. 
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TABLE A-16 
Motivation fcr Additional Learning 



uroup 



Extent of Interest in 
Additional Learning 



Very interested 
Somewhat interested 
Not very interested 
Not at all interested 



Exhibit 

43% 
W 

9% 
4% 



Lesson 



Exhibit/Lesson 



27% 
50% 
1<^% 
11% 



28% 
16% 
2*1% 
2% 



Note: 



N = 104 in each group. 



Interestingly, the motivational impact on future learning of 
the combined treatments was no more than that of the lesson alone 
and less than that of the exhibit alone. Thus, somewhat of a 
satiation effect seems to be in evidence. That is, there m ly be 
a tendency fcr students who have encountered the information in 
two ways not to feel the need for additional exposure. 
Additional Observations 

The data from i,he Affective Questionnaire yield some 
additional insights which are important to consider when inter- 
preting the results of the study. It was revealed that the 
lesson is perceived as being like a school class. That is, a 
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majority of subjects in the Lesson Group considered the lesson to 
be about the same as, or just a little better than, school 
classes with respect to enjoyment (56%) f interest and 
learning (70%). (See Tables A-1 3, A-14, and A-15, respectively.) 
Thus, there is support for the contention that study findings 
concerning the museum lesson can be related to school lessons. 

Finally, it is interesting to ncte that the kinds of affec- 
tive outcomes indicated by the experimental data were also 
mentioned in the teacher survey, Teachers frequently used the 
words "enjoyment", "interest", and "enthusiasm" when describing 
outcomes of their class visits. One teacher described the value 
of the museum experience to her students as follows: "They were 
motivated to learn and discover in a fun way." 
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DISCUSSION 



Results of the investigations of visiting school groups 
conducted at The Franklin Institute clearly indicate that parti- 
cipatory museum displays can and do teach science. Regardless of 
the type of cognitive measure employed (i.e., verbal, visual, or 
performance), the data unequivocally support the hypothesis that 
fifth and sixth graders visiting a museum exnibit score signifi- 
cantly higher on a test of science content than students in a 
control group. In addition, the cognitive data provide valuable 
information regarding the nature of the learning that takes place 
in a participatory exhibit. That is, the simple machine displays 
chosen for the study were found to be considerably more effective 
in conveying science principles than in teaching vocabulary or 
suggesting practical applications. 

The more pronounced and important findings of the study, 
however, are in the affective domain. As hypothesized, the 
affective data indicate that the museum exhibit is perceived as 
far more enjoyable and interesting than a classroom lesson. This 
is true whether the basis of comparison is a museum lesson or the 
students 1 own school classes. 

In addition, responses to the affective questionnaire 
provide evidence for the hypothesized motivational effect of 
school visits to a science museum. More specifically, a large 
proportion of students who visited the exhibit indicated a desire 
to learn more about simple machines. The longevity of the motiva- 
tional power of a science museum visit and the extent to which it 
carries over to other settings remains to be investigated. 
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However, the teacher survey does provide indications that this 
motivation is evidenced in behavior back in the classroom. 

Most important is the finding that students visiting the 
exhibit clearly perceive the visit as a learning experience. In 
fact, a large majority of students reported that they learned 
more from the exhibit than they learn in school classes. Thus, 
the study provides assurance to museum staff and classroom 
teachers alike that middle-school students do not view their 
school trips to the science museum as merely a recreational 
activity. 

It was not a primary intention of this research to contrast 
discovery learning and didactic instruction. Rather, the intent 
in looking at both kinds of experience was to study the motiva- 
tional impact of museum-based discovery learning on subsequent 
classroom learning. Nonetheless, the inclusion in the research 
design of a treatment group that had only a classroom science 
lesson permits a comparison of the relative educational 
effectiveness of a participatory museum exhibit and a classroom 
lesson . 

That comparison yielded the following interesting results: 
When paper-and-penci 1 tests were used (Exj. iment 1), students 
attending the classroom lesson answered more science questions 
correctly than students visiting the exhibit. However, when the 
test involved the manipulation of three-dimensional materials 
(Experiment 2), the two treatment groups performed equally well. 
Thus, although the exhibit was o** found to be more effective 
than a classroom lesson in conveying science content, it is seen 
to be equally good. Further, students visiting the exhibit 
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compared most favorably with students who had a traditional 
lesson when the test most closely resembled the museum learning 
experience. Support for the hypothesis regarding the importance 
of a match between learning experience and test mode can be 
der i ved from this finding. That is, participatory muse urn- based 
learniiig is best measured with a performance test. 

The hypothesis that the motivational impact of a visit to a 
museum exhibit would be seen in higher test scores of students 
having both treatments is not conclusively supported by these 
data. Nevertheless, a pronounced trend in this direction is seen 
in mean scores and mastery level percentages on the Verbal and 
Performance Tests. The trend is particularly clear on the 
Performance Test which requires "recall," a skill which goes 
beyond simple recognition. 

The lack of statistically significant evidence of f he impact 
of a visit to a museum exhibit on subsequent classroom learning 
may be explained by the design of the study itself. First, the 
classroom lesson was written as a substantive counterpart of the 
focal exhibit. Thus, it becomes logically clear that if a 
portion of the science content was successfully taught by the 
exhibit, as it was shown to have been, the exhibit's effect on a 
test of a subsequent lesson conveying the same content would tend 
to be obscurod. Second, for purposes of experimental control, 
the museum instructor made no mention of the students' earlier 
experiences in the exhibit area. Most cl ass room teachers, on the 
other hand, would build on those experiences by supplying the 
cognitive link between discoveries made in the exhibit and the 
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science concepts being presented in class. Third, conducting the 
lesson in a museum classroom probably introduced novelty effects 
which gave the classroom lesson motivational power in its own 
right. In fact, the study might have yielded a better measure of 
the impact of a museum visit if the lesson had been taught back 
in the school classroom by the students 1 regular teachers. How- 
ever, this change in design would have introduced an extraneous 
variable which is very difficult to contrul (i.e., the individual 
style and effectiveness of the teacher). 

Some speculation regarding the order of treatments is 
appropriate here. In light of Ausubel's (1968) concept of 
advance organizers for discovery learning, it is possible that 
the educational forte of participatory museum exhibits is in 
their enhancement and reinforcement of science concepts which 
have already been outlined for the students. It would be 
interesting, in a future investigation, to compare the relative 
effectiveness of participatory exhibit experiences occurring 
before and after classroom instruction. 

The conclusive evidence presented h?re that children are 
able to learn science concepts through a nonverbal, kinesthetic 
experience provides support for theorists who advocate multi- 
sensory learning experiences (e.g., Bruner , 1961 ; Piaget, 1958). 
Hence? the present investigation has implications for both 
education and psychology. 

The study has further implications for exhibit design. In 
addition to identifying science principles, rather than 
vocabulary or applications, as the strongest learning outcome of 
participatory science museum experiences, the study isolates the 
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Giant Lever as the most effective of the group of five simple 
machine displays. These findings confirm earlier evidence that 
children do not tend to read science museum labels (Borun & 
Miller, 1980). They also suggest that children find it difficult 
to transfer science principles from unique mechanical devices to 
real-world applications. Further study of the potential of an 
exhibit for conveying an understanding of applications seems 
warranted. Finally, in view of the particularly strong impact of 
the Giant Lever, it might be speculated that children learn more 
from large landmark exhibits. Interestingly, it has been 
observed elsewhere (Weiss & Boutourline, 1963) that they do, in 
fact, pay more attention to such exhibits. 

In summary, the Franklin Institute study shows that science 
museums do teach science, but more importantly, they motivate 
and stimulate an interest in learning science by presenting 
science content in a manner that is enjoyable, interesting, and 
perceived to be instructional. In this way, they complement 
other science education media. 
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THE BOSTON STUDY 

Learning in a museum environment has long been a topic of 
major concern at the Museum of Science (King, 1979, 1981). 
Through t ne course of numerous discussions, the museum staff 
developed a philosophy of museum-based learning which gave 
direction to this research study. 

The initial planning phases of the project addressed two 
critical issues. The first was the development of a test format 
that would reflect the philosophy of learning in the Museum of 
Science. The second issue was the choice of an exhibit for 
study. 

In considering the relationship of museum learning and test 
format, museum staff affirmed the belief that learning in or from 
an exhibit is not limited to the ability to answer discrete 
questions about the exhibits subject matter. Rather, learning 
also takes the form of an increasing interest in speculating 
about exhibit elements and in perceiving connections amcng them. 
It is thought that museum learning is the acquisition of per- 
ceptions and images, and that it enhances the ability to make 
predictions. Furthermore, it is believed that testing should be 
in the same mode as learning. 

It was hypothesized that museum learning would be evidenced 
in the study in the following ways: 

1. increased enthusiasm for subject matter relating to the 
exhibit used in the study 
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2. ability to perceive connections between various com- 
ponents of the exhibit, as well as with experiences 
outside the Museum 

3. formation of perceptions and images gained from the 
museum e .perience 

4. ability to make predictions based on information and 
experiences acquired in the exhibit 

After a review of a number of exhibit possibilities, the 
exhibit entitled Planets and Moons was tentatively chosen for the 
studyJ This exhibit focused on features that can be found or or 
around the planets and moon3 in the solar system. The exhibit, 
housed in a gallery which enclosed 2,000 square feet, consisted 
of sixty photographs, two interactive devices designed to demon- 
strate turbulence, a meteorite which cculd be touched, and a 
video presentation of the milkdrop photographs of Dr. Harold 
Fdgerton. (See Figure B-i and Appendix B-1.) Much of the 
exhibit labeling consisted of questions, the answers to which 
could be found by examining photographs and then lifting covers 
which revealed explanations. 

Museum staff involved in the selection decision felt that 
Planets and M oons was a logical ex bit to use fcr this study for 
a number of reasons: 

1. Planets and Moons was a new exhibit. It was, therefore, 
unlikely that the students participating in the study 
would have seen it previously. 

i 

'Planets and Moons was a temporary exhibit and is no longer on 
display in the Museum. 
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2. The subject matter was appropriate for middle school 
students. 

3. The focus of the exhibit was a subtle aspect of 
astronomy. It was thought that students would not have 
formally studied this subject matter in school and thc.t 
the influence of the treatments (exhibit viewing and/or 
talk) would be more readily discernible. 

Planets and Moons was a very visually oriented exhibit 
and, therefore, appropriate to that area of inquiry of 
' e project which relates to visual learning in a 
science museum. 

5. Logisticall Planets a nd M oons offered considerable 
advantage. Its location in the Peabody Gallery, an 
enclosed area, permitted the observation of students 
while they were viewing the exhibit, 

As a final assurance that this exhibit would be appropriate 
for tlie study, proje r t staff anJ consultants observed middle 
school students in Planets and Moonr >. After watching more than 
four hundred students and talking with thew about their impres- 
sions, it was decided that the exhibit was of interest to sixth- 
and seventh-grade students. 

Once the decision about sxhiDit choice was made, the design 
of the talk component began. In presenting planetary and lunar 
feature* 3 the exhibit focused on four major theme : * rings, 
craters, volcanoes, and turbulence. Tne text of the talk portion 
of the experiment also deals with these themes and is based on 
information found in i/ne exhibit. (See Appendix B-2.) The only 
visual aid was a chart of the solar system, ,ame instructor 
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delivered all of the talks so that there would be consistency in 
the presentation. 

METHOD 

Sarr )le Se l ection 

The *mple for the Boston study consisted of 535 sixth- and 
seventh-grade students. Of these, 317 attended a school in a 
suburban community, 92 attended an inner-city (Boston) school, 
-.nd 126 attended two schools in a community bordering the core 
city. The suburban and border schools volunteered to participate 
in the study. The inner-city school had established a relation- 
ship with the Museum of Science and r when aoked, was most 
interested in becoming involved with the study. While the 
suburban and inner-city students were in the sixth grade at the 
time of the study, students from the border community were in the 
seventh grade. 
Exper imental Procedur e 

After the school groups had been selected for the study, a 
schedule of project activities was set up for each school. Since 
free admission is routinely given to all Massachusetts school 
groups, free tr rnspor ta tion to the Museum was offered to all 
schools agreeing to participate in the experiment 

When the students arrived, they were randomly assigned to 
four groups. The sequence of experimental activities for each 
group was the same as that used in the Philadelphia study. The 
Boston t.jjdule of events was as follows: 
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Activity Schedule 

1. Welcome, orientation, group formation, general directions 
^all students, teachers, chaperones, vol unteer s) 

2. Visit to exhibit, lecture, test for control and treatment 
groups 

3. Closing remarks, directions (all students, teachers, 
chaperones , volunteers) 



Control Group 
Exhibit Group 
Talk Group 
Exhibit/Talk Group 

Each of the three project activities was allotted a fifteen- 
minute time block. The visit to the exhibit and the talk each 
took ten minutes, with the additional five minutes in the time 
block set aside for traveling from one part of the museum to 
another. The testing procedure took fifteen minutes, including 
time for completion of the Demographic and Affective Question- 
naires. 

Following a brief orientation, volunteer guides escorted 
s idents to the various activity areas. As in the Philadelphia 
study, all students were exposed to each cf the treatments, 
including treatment? which took place after the tests but which 
were provided to keep the experiences parallel. 



Group Rotation S chedule 

Activity 1 Activity 2 



Test 
Exhibit 
Talk 
Exhibit 



Exhibit 
Test 
Test 
Talk 



Activity 3 
Talk 
Talk 
Exhibit 
Test 
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Instruments 

Demographic Data Sheet , All students were asked to complete 
a demographic sheet similar to f at used at The Franklin 
Institute, They were requested to indicate their sex, grade, 
school, age, and date of birth. In addition, students were asked 
to reply Yes or N_o to the question, "Have you studied planets and 
moons in school?" They were assu* ed, by the absence of their 
names on the sheets, that the museum was not interested in 
individual achievement, but rather in the total effort of each 
group. 

Affective Questionnaire . Members of the Exhibit, Talk, and 
Exhibit/Talk Groups were asked to complete Affective Question- 
naires so that a measure of their reaction to the museum ex- 
perience could be obtained. Again, the questionnaires are 
parallel in content and format to those used by The Franklin 
Institute . 

Cognitive Test s. The forms of assessment developed by the 
Museum of Science staff are reflective of the Museum f s philosophy 
of learning. It was considered important to measure museum 
learning through tests that are as open ended and evocative as 
possible of divergent thinking, thus providing an opportunity for 
flexibility in the way students expressed themselves. Using 
tests with student-generated responses in a museum research study 
is innovative and presents challenges in the development of 
effective scoring and analysis procedures. However, Museum staff 
deoided that this strategy was worthy of exploration. The tests 
were designed to measure the influence of the exhibit and the 
talk. Ic was a concern that tests be structured so that all 
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students, including the Control Group, could make a serious 
attempt at the tasks. Furthermore, an effort was made to assure 
that, as much as possible, students would enjoy the experience of 
taking the tests. 

Although all of the tests in the Boston study were developed 
with the above criteria in mind, the result was three very 
different formats, which allowed students to respond to questions 
and tasks in a variety of modes. All tests were piloted with 
middle school students. Revisions to the experimental procedure 
and to the tests them selves were made prior to the actual 
experiment . 

1. Verbal Test . The Verbal Test is an essay test with five 
questions. Each question is phrased in such a way that no single 
correct answer is suggested. Students are put in the role of 
space travelers and asked to speculate about the features on or 
around planets. (See Appendix B-3.) 

2* V isua l Test . The Visual Test is a picture-sorting 
activity. Each student is given a set of thirteen pictures and 
asked to sort them into two piles. The set of pictures includes 
whole planets and moons, parts of planets and moons, and specific 
features of planets and moons. The pictures are in color and are 
visually appealing. Students determine the categories by which 
they sort. This procedure is repeated to produce a second set of 
responses. This type of test allows for a different medium of 
expression from the Verbal Test and is tied in most close) y with 
the design of the visually oriented exhibit. (See Figure B-2 and 
Appendix B-4.) 
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3. Performance Test , The Performance Test requires the 
manipulation of materials. Students were provided with masonitp 
boards about one foot square covered with a thin layer of clay. 
They were also given some aluminum foil, an additional bail of 
clay, and coffee stirrers. Students were asked to use the foil, 
clay, and cotton to make four feature3 that rai^ht be seen on or 
around planets. (See Figures B-3 and B-M and Appendix E-5.) 
Scoring Procedur es 

Verb al Test . All questions on the Verbal Test attempt to 
elicit responses from students that pertain to features on or 
around planets and moons. The point value assigned to each 
question was based on the difficulty of the question ?»s assessed 
by a consultant on middle schools and the number of responses 
required by each question. The maximum total score was 52. Two 
scorers evaluated all Verbal Test responses. The score assigned 
for each item was an average of the two raters' scores. 

V isua l and Performance Tests . Since the purpose of the 
Visual and Performance Tests was to measure the influence of the 
treatments, all answers that pertain to the four main themes — 
rings, craters, volcanoes, and turb-jlenoe were identified 
and tallied for each of the four experimental groups. This 
procedure does not imply that other ar swe ?, s ire less correct. 
Rather , determine ng the frequency of answers designated as main 
themes is a means of assessing the impact of the experimental 
treatments. It was expected that the treatment groups would have 
a greater number of responses in the main-theme categories than 
' he Control oup. In order to a eck the reliability of the 
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scoring procedure, all tests were scored by two persons. On the 
Visual Test there were only 15 disagreements out of 852 re- 
sponses. There were no disagreements between scorers on the 
Performance Test. 
Sample Descriptio n 

TMe distribution of subjects in each of the experimental 
cells f jr each te3t is presented in Table B-1. 



Test 



Verbal 
Visua? 
Performance 



TABLE B-1 
Distribution of Subjects by Test 



Group 



Control 



Exhibit 



Talk Exhibit/TalK Total 



55 
54 
?8 



54 
51 
26 



56 
50 
26 



53 
58 

24 



218 
213 
104 



Mean chronological ages for the experimental groups were not 
significantly different. 1 Me^ns and standard deviations of sub- 
jects' ages in years are presented in Table B-2. 

1 F = .31 , df = 3/531 , ns. 
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TABLE B-2 

Means and Standard Deviations of Age in Years 

Group 

Control Exhibit Talk Exhibit/Talk 

Test M SD M SD M SD M SD 

Verbal 11.96 (.70) 11.84 (.79) 11.94 (.88) 11.82 (.66) 

Visual 11.73 (.61) 11.80 (.62) 11.79 (.65) 11.71 (.55) 

Performance 11.47 (.33) 11.40 (.37) 11.41 (.43) 11.46 (.52) 

All Tests 11.77 (.63) 11.73 (.68) 11.78 (.74) 11.71 (.60) 
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RESULTS 
Cognitive Outcomes 
The procedures used to assess treatment effects on cognitive 
test performance differed according to the nature of the test. 
That is, totsl scores were the baris of comparison on the 5-item 
Verbal Test, while frequencies of main-theme responses were com- 
pared for both the Visual and Performance Tests. 

Verbal Test 

The influence of the exhibit and/or talk on Verbal Test 
responses was evaluated by means of an analysis of variance of 
total test scores (maximum score = 52 points). Means and stand- 
ard deviations of scores for students in each of tht four experi- 
mental groups are presented in Table B-3. 

TABLE B-3 

Means and Standard Deviations of Scores on the Verbal Test 

Group 

Control Exhibit Talk Exhibit/Talk 

(N - 55) (N = 56) (N = 54) (N = 53) 

M SD M SD M SD M SD 

28.71 (9.00) 2 4.57 (11.65) 28.02 (12.81) 30.36 (10.11) 



ERLC 



73 94 



Results of the analysis of variance of Verbal Test scores 
can be summarized as follows: 

1. There are no significant differences among the scores of 
the Control Group and the treatment groups. 1 

2. There is no meaningful trend in the means of the 
experimental groups. 

The above findings suggest that an open-ended verbal test of 
the type used in this study does not serve as an effective means 
of determining the level of learning achieved by students who 
have visited a museum exhibit and/or heard a short talk at the 
museum. It appears that the evaluation of such brie learning 
experiences requires a more sensitive test to elicit responses 
from participants in the treatment groups that are significantly 
different from responses of the Control Group. 

Visual Test 

The influence of the exhibit and/or talk on Visual Test 
performance was assessed by tallying the frequency with which 
categories used for picture sorting correspond to the four main 
themes of the exhibit and talk. A summary of frequencies and 
percentages for the four experimental groups is presented in 
Table B-4. 

A one-way analys of variance was used to measure group 
differences in the numbers of main theme categories used by 
individual students. The results of the analysis indicate that 
there are no significant differences among the means for the 
Contrjl (M=. , Exhibit (M = .65), Talk (M - .54), and 

1 F = .98, df = 3/214, ns. 
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Exhibit, Talk Groups (M = .81). However, some tendency towards a 
positive treatment effect can be observed in the Exhibit and 
Exhibit/Talk Groups. 1 



TABLE 3-4 



Frequenc ies 


and Percentages of 


Main Theme 


Responses 






on the Visual 


Test 






Group 


Control 


Exhibit 


Talk 


txhibit/Talk 


(N = 216) 


(N = 204) 


(N = 200) 


(N = 


232) 


f % 


f % 


f % 


f 


% 


31 14% 


33 16% 


27 14% 


47 


20% 



N - number of items (i.e., four potential responses per subject). 

The Visual Test may lack adequate structure ard, therefore, 
is not sufficiently sensitive. Students were not asked to sort 
their pictures according to specific or suggested topics. On the 
other hand, the mode of the Visual Test does parallel the visual 
emphasis of the exhibit; thus, further efforts to develop a 
visual tesc that is more structured and yet capable of generating 
responses chat reflect perception acquisition, connection making, 
and student creativity would be worthwhixe. 



1 F = 2.64, df = 3/209, ns. 
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Perf ormance Test 

The influence of the exhibit and/or talk on Performance Test 
behavior was assessed by tallying the frequency with which sur- 
face features made by the subjects correspond lo the four main 
themes of the exhibit and talk. The frequencies and percentages 
of all such features for the four experimental groups are pre- 
sented in Table 3-5. 

TABLE B-5 

Frequencies and Percentages of Main Theme Responses 
on the Performance Test 

Gro'ir 

Control Exhibit Talk Exhibit/Talk 

(N =11) (N :: 104) (N = 104) (N = 96) 

f % f % f % f % 

32 29% 43 41% 53 51% 42 4456 

N - number of items (i.e., four potential responses per subject) 

A one-way analysis of variance of numbers of main-theme 
surface features created by indi vidua 1 subjects revealed a 
significant treatment effect. 1 Subsequent pairwise comparisons 
indicated that only the means for the Talk (M ~ 2.04) and Control 
(M = 1.14) Groups are significantly different. 2 Although means 

V = 4.4a, df = 3/100, p < .OK 
2 Newman-Keuis Test 

9/ 
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for the Exhibit ( M = 1.65) and Exnibit/Talk (M = 1.75) Groups are 
not significantly greater than that for the Control Group, they 
do reflect a definite tendency for subjects visiting the exhibit, 
with or without the talk, to make surface features representing 
the four main themes. Thus, of the three tests, the Performance 
Test proved t ) be the most sensitive to the experimental 
treatments ♦ 

Affective Outcomes 

Responses of Boston students to the Affective Questionnaire 
provide valuable insights into student impressions of museum 
visits and museum learning. 
Overall Reaction 

The selection of cartoon faces and associated wording as 
indicators of how much students liked the exhibit or talk showed 
that Boston students reacted positively to both activities. The 
frequencies and percentages of students in the Exhibit and Talk 
Groups choosing each response are represented in Table B - 6 . An 
independent-samples t test revealed no significant difference be- 
tween the means (on a 5-point raling scale) of the Exhibit (3.66) 
and Talk (3.60) Groups. 1 

Students in the Exhibit/Talk Group were asked to evaluate 
both of their museum experiences. The frequencies and percent- 
ages of students in the Exhibit/Talk Group choosing each response 
are shown in Table B-7. A corre lated-samples t test showed that 
for the Exhibit/Talk Group reaction to the exhibit (M = 3.85) was 

1 t = .64, df - 260, ns. 
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TABLE B-6 

Overall Reaction of Exhibit and Talk Groups 



Group 



Exhibit 



Talk 



Response 


f 


% 


f 


% 


I love it 


14 


in 


16 


12% 


I like it 


72 


55% 


63 


48% 


I don't like or dislike it 


37 


28% 


43 


33% 


I dislike it 


2 


2% 


2 


1% 


I hate it 


6 


4% 


8 


6% 



Note: N for Exhibit Group = 131. 
N for Talk Group = 132. 



TABLE B-7 

Overall Reaction of Exhibit/Talk Group 



Museum Experience 



Exhibit 



Talk 



Respor se 



% 



t 



1 love it 

I like it 

I don't like or dislike it 

I dislike it 

I hate it 



27 
76 
24 

?. 
6 



20% 

lb% 

2% 
4% 



1 1 

69 
41 

6 
8 



8% 
51% 

30% 
5% 
6% 



Note: N for Exhibit/Talk Group = 135. 
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significantly more positive than reaction to the talk (M = 
3.40). 1 The difference in the extent to which the two activities 
were liked is best seen in the percentage who loved the exhibit 
U0%) versus the percentage who loved the talk (8%). 

Thus, while those students who experienced each of the 
treatments separately had an equivalently positive reaction, the 
stronger affective response to the exhibit is clearly seen in the 
responses of students who had both experiences. 

Enjoyment 

Students in the Exhibit and Ta]k .roups compared their 
enjoyment of the museum activity to regular school classes. An 
analysis of item scores (on a 5-point scale) indicates tnat the 
exhibit was perceived as significantly more enjoyable than the 
talk in comparison to school classes. Mean scores for the 
Exhioit and Talk Groups are 3.92 and 3.52, respectively. 

Frequencies and percentages of subjects choosing each 
response are presented in Table B-8. Reference to the table 
reveals that 10% of the students in the Exhibit Group, as com- 
pared with of the students in the Talk Group, found the 
activity more enjoyable than their school classes. 

Exhibit/Talk Group students compared the exhibit to the 
talk. It was found that 59% enjoyed the exhibit more, Q% enjoyed 
the talk more, and 33% considered them equally enjoyable. 3 

1 t - 5.4?, df = 1 34 , p < .001 . 

-t = 3.00, df - ?61 , p < .01 . 

Vhi square = ^2.30, df = 3, P < .001. 
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TABLE B-8 
En joymen t 



Group 



Exhibit 



Talk 



Comparison of Museum Activity 
to School Classes 



% 



% 



Much more enjoyable 

A little more enjoyable 

About as enjoyable 

A little less enjoyable 

Much less enjoyable 



42 
50 
18 
15 

2 



32% 
38% 
18% 
11% 
1% 



28 
44 
34 
21 
5 



21% 
33% 
26% 
16% 
4% 



Note: N for Exhibit Group = 131. 
N for Talk Group = 132. 



inte r est 

P co-,parison of mean scores (on a 5-point scale) indicates 
that students found both the exhibit and the talk more interest- 
ing than their school classes but did not find the exhibit (M - 
3.83) signif i.antly more interesting in comparison with the talk 
CM = 3.58). 1 Frequencies and percentages of students in the 
Exhibit and Talk Groups choosing each response with respect to 
interest are represented in Table B-9. 



n 



t = 1 .79 , dl = 261 , ns 
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TABLE B-9 



Interest 



Comparison of Museum Activity 
to School Classes 



Much more interesting 

A little more interesting 

About as interesting 

A little less interesting 



Group 



Exhibit 



37 

55 
24 
10 



28% 
42% 
18% 
8% 



Talk 



34 

39 
38 
12 



% 

26% 
30% 
29% 
9% 



Note: N for Exhibit Group = 131. 
N for Talk Group = 132. 



The Exhibit/Talk Group data, which compare student responses 
to the exhibit and talk, show that 58% of the students found the 
exhibit more interesting, 21% considered the talk more 
interesting, and 21% felt that the exhibit and talk are of equal 
interest. 1 As was the case with overall reaction, students who 
experienced both the exhibit and talk and compared the two more 
frequently found the exhibit more interesting than did students 
who had been to the exhibit only and compared it to their school 
classes . 

1 chi square = 23-60, df = j, p < .001. 



ERIC 



81 102 



Extent of Learning 

Students in the Exhibit and Talk Groups saw both museum 
activities as offering more learning than school classes. Fre- 
quencies and percentages of subjects selecting each response are 
shown in Table B-10. Analysis of item scores (on a 5-pomt 
scale) showed that there is no significant difference between the 
exhibit (M = 3.57) and talk (M = 3.61) in terms of students 1 
perceptions of the learning provided. 1 

TABLE B-10 
Extent of Learning 

Group 



Exhibit Talk 



Comparison of Museum Activity 
to School Classes 


f 


% 


f 


% 


Learned 


much more 


22 


17% 


27 


2\% 


Learned 


a little more 


56 




46 


35% 


Learned 


about the same 


36 


21% 


40 


3W 


Learned 


a little less 


10 


8% 


16 


12$ 


Learned 


much less 


7 


5% 


3 


2% 



Note: N for Exhibit Group = 131. 
N for Talk Group = 1 32 - 



t = .29, df = 261 , n s. 
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Similarly, students in the Exhibit/Talk Group did not see a 
difference in the instructional effectiveness of the two 
treatments. Specifically, 32% reported learning more from the 
exhibit, 36% from the talk, and 32% considered them both the 
same . 

Motivation for Additional Learning 

The degrae of interest which students expressed in learning 
more about planets and moons is shown in Table B— 11, which 
presents the frequencies and percentages of students giving each 
response. For the Exhibit Group, 78% indicated interest in 
learning more; for the Talk and Exhibit/Talk Groups, 82% wished 
to learn more. Obviously, all three treatments had a strong 
motivational effect. 

TABLE B-11 
Motivation for Additional Learning 

Group 

Exhibit Talk Exhibit/Talk 

Extent of Interest in 



Additional Learning 


f 


% 


f 


% 


f 


% 


Very interested 


21 


21? 


44 


33% 


41 


30% 


Somewhat interested 


75 


57% 


64 


49$ 


70 


52% 


Not very interested 


19 


14% 


19 


14% 


17 


13% 


Not at all interested 


10 


8% 


5 




7 


5% 



Note: N for Exhibit Group = 1 3 1 . 
N for Talk Group = 132. 
N for Exhibit/Talk Group = 135. 
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S ummary 

Two findings of the affective testing merit particular con- 
sideration. First, uhe overall choices of the Exhibit/Talk Group 
give a strong indication that students prefer viewing an exhibit 
to attending a talk. Second, it is interesting to note that 
sustained motivation for learning about the subject of an 
exhibit, rather than satiation, appears to result from student 
participation in both an exhibit and a talk. Such affective 
findings support the use of a science museum exhibit by teachers 
as an effective introduction to a topic of classroom study. 
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DISCUSSION 

While the findings of the Boston study are not dramatic, 
they do provide indications of the positive effects of a museum 
experience, particularly in the affective domain. The first 
research hypothesis (see p. 58), that enthusiasm for the subject 
matter would be generated by a schoo] visit to a museum exhibit, 
was clearly supported by the results of the study conducted at 
the Museum of Science. Responses to the Affective Questionnaire 
indicate that a substantial majority of students in treatment 
groups visiting the focal exhibit liked and enjoyed the exhibit, 
found it interesting, and wanted to learn more about the topic 
on display. Given that today's middle school students have 
access to such a wide range of multisensory experiences, these 
affective findings should be encouraging to museum educators and 
other museum professionals. Trips to Disney World, classroom 
computers, movies, and television programs provide competition to 
the museum for student endorsement. 

Moreover, the fact that 60% of the students in the Exhibit 
Group felt that they learned more from their experience than from 
school lessons is worthy of particular consideration. While 
students might be expected to view the talk as a traditional 
learning situation, it is notable that they also perceive a non- 
guided or discovery visit to the exhibit as a learning 
experience meriting comparison with a school lesson. 

The affective results of the Boston study provide assurance 
to both museum staff and teachers regarding the educational value 
of a museum exhibit. Enjoying an exhibit and feeling that the 
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exhibit, like a classroom lesson, is a learning experience can be 
expected to increase student motivation. 

The Boston study provides little support, however, for the 
hypotheses regarding cognitive outcomes of a museum visit. Group 
differences on all three tests were slight, with a significant 
treatment effect shown only by the Performance Test. Neverthe- 
less, students found the testing instruments to be both interest- 
ing and enjoyable, as evidenced by their comments and observed 
reactions. They stayed with the tasks, ana few failed to attempt 
all the test items. Thus, the goal of presenting students in the 
testing situation with a set of activities that were fun to do 
was achieved. 

Perhaps the nature of the testing instruments themselves 
provides an explanation for Lhe sparse cognitive findings in the 
Boston study. While the Verbal Test was designed to measure the 
hypothesized ability to make connections and predictions, the 
open-ended answer form may not provide sufficient structure for 
the effects of brief museum experiences to be clearly identified. 
Further, although the Visual Test requirements are potentially 
well suited to measuring the perceptions and images provided by a 
highly visual exhibit, the picture-sorting activity is no doubt 
too broadly defined. A more structured task might yield signi- 
ficant group differences. Both the Visual and the Performance 
Test provided students with opportunities to experiment. Activi- 
ties of this type could be used effectively in science classes 
for K oth the introduction of a new topic or as culminating 
activities for a unit of study. 
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The more focused Performance Test provides at least some 
support for the hypothesis that perceptions and images are 
acquired by student visitors to a museum exhibit and can be 
manifested through testing. Thus, this test seems to point to 
the most promising path for future investigations cf the nature 
of museum-based learning. 

The study findings suggest, the^, that brief open-ended 
museum experiences involving the acquisition of divergent percep- 
tions and images and the ability to make connections and predic- 
tions are perhaps not best measured by a test that generates so 
wide a range of responses, but rather by a test with a more 
limited focus. Alternatively, an open-ended test might yield 
significant treatment effects if students spend a considerably 
longer time visiting exhibits in the museum. Information gained 
from this kind of testing could provide insights into how learn- 
ing beyond the levels of recognition and recall takes place in 
non structured settings. 

The need to gather more information about student learning 
in museum exhibits and to share this information with museum and 
school staff is clearly urgent. The Boston study provided the 
opportunity for trying out open-ended strategies for assessing 
discovery learning in the museum and provided an impetus for 
further work on the development of sensitive, innovative testing 
instruments. In this decade of lessening financial support for 
the mounting of new exhibits in Tiuseums and for science programs 
in the schools, it is especially important that we investigate 
jays to use existing exhibits more oroducti vely , particularly 
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with student visitors. It is critical that a continuing effort 
be made to design tests that will investigate effectively aspects 
of museum learning including speculation and prediction, making 
connections, perception and image acquisition. This study has 
provided a direction for further work on the measurement of 
learning in a science museum. 
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CONCLUSIONS 



The experiments conducted at The Franklin Institute Science 
Museum and the Museum of Science in Boston, on the cognitive and 
affective outcomes of a school trip to a science museum, indicate 
that a brief visit to a museum exhibit produces some "learning," 
whether traditionally defined, as at The Franklin Institute, cr 
more broadly construed, as at the Boston Museum of Science. Both 
studies compare responses of middle school students randomly 
assigned to four treatments: control, exhibit only, lesson only, 
and exhibit followed by lesson. However, the two studies 
differ on a number of dimensions, the most salient of which are 
the nature of *,he focal exhibit and the type of instruments used 
for cognitive dat» collection. 

While The Franklin Institute focused on participatory 
displays which provide experiences of a highly kinesthetic 
nature, the Museum of Science chose an exhibit which was pre- 
dominantly visual. Further, although the tests at both museums 
incorporate tht same three stimulus modes (i.e., verbal, visual, 
and performance), they differ significantly in form and content. 
These differences are a function of the inherent natures of the 
focal exhibits as well as a contrast in philosophies regarding 
instrumentation . 

At The Franklin Institute, the emphasis was on the learning 
of science content from a group of displays designed to teach 
scientific principles; the tests used were highly structured. At 
the Museum of Science, on the other hand, the main concern was 
not the amount of science information conveyed by their primarily 
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visual and less didactiv exhibit, but the images ("percepts") 
which were acquired and the mental connections which were made. 
Since the Boston research team felt that traditional objective 
tests of science content were not adequate measures for this kind 
of exhibit influence, more innovative open-ended instruments were 
used to assess museum learning. Items having one right answer 
were thought to be inappropriate. Thus, the tests used at the 
Museum of Science, particularly the Visual Test, allowed for a 
wide range of correct responses. 

The Philadelphia study shows that fifth and sixth graders 
who visit a museum exhibit score significantly higher on a 
cognitive test than students in a control group, regardless of 
test mode — verbal, visual, or performance. While study find- 
ings indicate that discovery learning in a science museum is not 
as efficient in conveying vocabulary and applications information 
as a well-structured classroom lecture, they do show that an 
exhibit can effectively convey science concepts. At the Museum 
of Science, however, there is only suggestive evidence of exhibit 
effects on test responses, as seen in the frequency with which 
subjects taking the Performance Test made surface features that 
represented the four main themes of the Planets and Moons 
Exhibit. 

It ic interesting that in both studies a performance test 
was found to be the most sensitive measure of exhibit learning. 
In the case of the Franklin Institute study, this finding can be 
construed as support for the hypothesized relationship between 
learning experience and test mode. At the Museum of Science, 
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however, where the Visual Test, rather than the Performance Test, 
incorporates a stimulus mode most like the focal exhibit, it is 
an unexpected finding. One explanation may be the relative 
amount of structure provided by the Performance Test, since it is 
the most jpeeific of the three tests used in the Boston study. 

The fact that the significant treatment effects yielded by 
the Philadelphia study were not replicated in Boston can probably 
be explained primarily by differences in the testing instruments 
used at tne two sites. At The Franklin Institute, highly struc- 
tured objective tests were used to assess the mastery of science 
content. At the Museum of Science, on the other hand, innovative 
testing methods were used in an attempt to tap the mental images 
and categories conveyed by their exhibit. It was thought that 
such alternative methods of cognitive testing would provide 
greater breadth to the joint study of museum-based learning. 

Indeed, the use of nontraditional , indirect testing methods 
has often been proposed as the appropriate type of measurement 
for informal educational settings (Kimche, 1978; King, 1981). 
But the development of valid and reliable novel tests is no easy 
task. The Franklin Institute study, on the other hand, shows 
that the traditional learning that clearly does take place during 
a short visit to a museum exhibit can successfully be tapped by 
objective instruments. 

Results of the affective testing at the two institutions are 
more closely in agreement than the cognitive findings. Both 
investigations provide conclusive evidence that the majority of 
students visiting a science museum on a class trip enjoy the 
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visit, find the exhibits interesting, and are motivated to learn 
more about the science content that is demonstrated or displayed. 
Even more importantly, bcth sets of data indicate that middle 
school students perceive their museum visit as a learning 
experience, not just an enjoyable day away from school routine. 

In summary, the investigations at The Franklin Institute and 
the Boston Museum of Science suggest that the real strength of 
the museum experience lies not in its efficacy in conveying 
extensive amounts of information, but in its capacity for gener- 
ating enthusiasm for and interest in science learning. Discovery 
learning takes time. Given an equivalent amount of time and 
attention, more science facts can be learned from a lecture or 
book than from an interactive exhibit. But how often do peoole 
go tc a lecture or pick up a science book? The attracting power 
of a science museum exhibit assures that some learning will, 
indeed, take place. But, more importantly, exhibits are exciting 
experiences which stimulate an interest in learning science. In 
this way, they complement other science education media. 



113 

92 



APPENDIX A-1 



SIMPLE MACHINES LECTURE 



Today I am going to talk about doing work and ways we can 
make it easi. by using simple machines. 

First of all, I want to make sure we all agree about what 
work is. When I talk about work, I don't mean homework or the 
work your parents do to earn money. In science, work is a force 
(a push or a pull) that moves through a distance. If I push very 
hard on this wall, although I'm using a lot of energy, no work is 
being done. A lot of force is being applied, but nothing is 
moving. However, if I push the table, work _is being done because 
a push is moving through a distance. 

In the next few minutes I am going to show you how some 
simple machines help to make work easier. The work I am going to 
do is to lift this weight. 

The first simple machine is called a lever. A lever usually 
is made of some kind of board and something called a fulcrum that 
the board moves on. When I want to use this lever to lift the 
weight, the best place to push down is as far from the weight as 
I can get. That's how the lever will help me the most. As I 
move closer to the fulcrum, it becomes harder to lift the weight. 
And when I go all the way down to where the fulcrum is, it is 
almost as if I lifted the weight without any help at all. The 
help that is given by the lever is called mechanical advantage. 
The amount of mechanical advantage you get depends on the 
distance of tro force from the fulcrum. 

The next simple machine is called an inclined plane or a 
ramp. If I want to move the weight up to here, I could lift it 
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straight up, but I would have to work harder than if I use the 
ramp. When I push the weight up the ramp, I am moving it a 
longer distance, but it is easier to do because the ramp is 
giving me mechanical advantage. The amount of mechanical 
advantage given by an inclined plane has to do with its 
steepness. More force is needed with a steep inclined plane and 
less force is needed when an inclined plane is not very steep. 

The third simple machine is called a pulley. There are two 
kinds of pulleys. This one is called a fixed pulley. It does 
not provide mechanical advantage, but it changes the direction of 
the force. That is useful, too. If I attach the weight to a 
cord and wrap it around this fixed pulley, T can lift the weight 
up by pulling down on the other end. However, I am using as much 
effort as if I just lifted it up by myself. 

By adding another pulley, I can make a pulley system that 
does provide mechanical advantage. This pulley is called a 
movable pulley because it is attached to the weight itself and 
moves up and down with the weight. When I use both a fixed 
pulley and a movable pulley, I am using a lot of rope. By 
applying my force over that whole distance of rope, it is easier 
to pull the weight up. The mechanical advantage of a pulley 
system depends on the number of cords supporting the weight. So 
it takes less force to lift a weight which is supported by two 
movable pulleys than a weight which is supported by only one 
movable pul ley. 

You have seen three simple machines today — the lever, the 
inclined plane, and the pulley. They all gave mechanical 
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advantage because the force moved through a distance. The bigger 
the distance, the less work you have to do and the more 
mechanical advantage the machine gives you. 

If you look carefully, I think you will see examples of 
these simple machines in the world around you. 
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APPENDIX A-2 ' 
DEMOGRAPHIC DATA SHEET 

Please tell us about yourself by completing the following: 



1 . I am a 



girl . 
boy. 



2. I am in Grade 5. 

Grade 6. 

3. Right now I am years old. 

4. My birthday is on 



month 



day 



5. Have you studied simple machines in school? 

Yes No 

6. Not counting today, how many ti>nes have you seen this exhibit in The 
Frankl in Insti tute? 




never 



once 



twi ce 



three cr more times 
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APPENDIX A-3 
AFFECTIVE QUESTIONNAIRES 
Exhibit/Lesson Group 

You have just seen an exhibit and heard a talk about simple machines. 

1. a. Which face below shows how you feel about the exhibit? (Write the letter.) 
b. Which face below shows how you feel about the talk? (Write the letter.) 



0 

I love it I like it I don't like it I dislike it ! hate it 

or dislike it 

2. Now let's compare the exhibit with the talk. Which did you enjoy more? 
(Check one.) 

the exhibit. 

the talk 

both the same 







3. Which was more interesting? 

the exhibit 
the talk 
both the same 

k. From which do you think you learned more? 

the exhibit 
the talk 
both the same 



5. How interested would you be in learning more about simple machines? 

very interested _____ 

somewhat interested 

not very interested 

not at all interested 
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Exhibit Group 
You have just seen an exhibit about simple machines. 

1. Which face below shows how you feel about the exhibit? (Circle one letter.) 
A 8 C D E 






I like it I don't like it I dislike it I hate it 
or dislike it 

2. Let's compare the exhibit with your school classes. The exhibit was: 
(Check one.) 

much more enjoyable 

a little more enjoyable 

about as enjoyable _____ 

a little less enjoyable 

much less enjoyable _____ 



3. Compared with your school classes, how interesting was the exhibit? 

much more interesting 

a little more interesting ___ 

about as interesting 

a little less interesting 

much less interesting _____ 

k. Compared with your school classes, how much do you think you have learned 
from the exhibi t? 

much more 

a little more 

about the same 

a little less 

much less 



5. How interested would you be in learning more about simple machines? 
very interested _____ 

somewhat interested 

not very interested 

not at all interested 
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Lesson Group 
You have just heard a talk about simple machines. 

1. Which face below shows how you feel about the talk? (Cfrcle one letter.) 
A B C 0 E 




I love it I like it I don't like it I dislike it I hate it 

or dislike it 



2. Let's compare the talk with your school classes. The talk was: 
(Check one.) 

much more enjoyable 

a little more enjoyable 
about as enjoyable 

a little less enjoyable 

much less enjoyable 

3« Compared with your school classes, how interesting war the talk? 

much more interesting 

a little more interesting 

about as interesting _ 

a little less interesting 

much less interesting mmm 

4. Compared with your school classes, how much do you think you have learned 
from the talk? 

much more 

a little more ____ 

about the same 

a little less 

much less _ 

5. How interested would you be in learning more about simple machines? 

very interested _____ 

somewhat interested ____ 

not very interested mmmmm _ t 

not at all interested 
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APPENDIX A-4 
VERBAL TEST 



Directions ; Please read each of the following questions slowly and carefully. 

Then circle the letter in front of the answer you think is correct, 

1. Which one is a simple machine? 

A. an electric motor 

B. a pul ley 

C. a bicycle 

0. a sewing machine 

2. A heavy box must be moved from the floor to a platform* Which way of moving 
the box would take the least force? 

A. picking it up and placing it on the platform 

B. tying a rope around it and pulling it up over the side of the platform 

C. picking it up and carrying it up steps leading to the platform 

D. tying a rope around it and pulling it up a long board leading to the platform 

3. Which one is a lever? 

A. a swing 

B. a seesaw 

C. a jungle gym 

D. a si i ding board 

What i s a pul ley? 

A. a wheel with a rope around it 

B. a wheel with a rope through the middle 

C. a wheel hanging from a rope 

D. a wheel tied to the end of a rope 

5. A heavy rock is stuck in your garden. Which way of getting it loose takes 
the least force? 

A. bending down and lifting the rock with your hands 

B. putting one end of a pole under the rock and pushing down on the other end 

C. tying a rope around the rock and pulling it 

D. pushing against the middle of the rock with a pole 
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6. Which one is an inclined plane? 

A. a swing 

B. a seesaw 

C. a jungle gym 

D. a si iding board 

1. It is easiest to lift a weight with a lever if you push or pull 

A. as far from the fulcrum as possible. 

B. halfway to the fulcrum. 

C. as close to the fulcrum as possible. 

D. It doesn't make any difference. 

8. A heavy trunk must be moved through a window to an upstairs room. 
Which way of lifting it would take the least force? 

A. with a rope tied around the trunk 

B. with two crates to put on top of each other and climb on 

C. with a pulley attached to the building 

0. with a pulley attached to the building and a pulley attached to the trunk 

9. It is easiest to pull a weight up a ramp if the ramp is 

A. very steep. 

2 sort of steep. 

C. hardly steep at all. 

0. The steepness has nothing to do with it. 

10. It is easiest to lift a weight with a pulley system that has 

A- one cord supporting the weight. 

B. two cords supporting the weight. 

C. three cords supporting the weight. 

D. The number of cords has nothing to do with it. 
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Which picture shows a lever? 




6. Which picture shows an inclined plane? 
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9. Which ramp makes it easiest to raise the weight? 




10. Which pulley system makes it easiest to lift the weight? 




APPENDIX A-6 
PERFORMANCE TEST 
Lever station 

"This Smurf has to move this heavy weight to the top of th<° 
platform. He is too little to do it without some help." 

1. "Show me how the Smurf could use one of these to make the 
job easier." 

Correct use 

Other response (Specify) 

2. "Which one would make it easiest to lift the weight to the 

platform?" (Check which effort arm was selected.) 

Longest 

Medium 

Shortest 

3. "Why did you choose that one?" 

4. "What is this called?" 
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Inclined Plane Station 



"This Smurf has to move this weight to the top of the platform. 
He is too little to do it without some help." 

1. "Show me how the Smurf could use one of these to make the 
job easier," 

Correct use 

Other response (Specify) 

2. "Which one would make it easiest to lift the weight to the 
platform?" (Check which ramp was selected.) 

Longest 

Medium 

Shortest 

3. "Why did you choose that one?" 

4. "What is this called when it is used like this?" 



Pulley Station 



"This Smurf has to move this heavy weight to the top of the 
platform. He is too little to do it without some help." 

1. "Show me how the Smurf could use one of these to make the 
job easier." 

Correct use 

Other response (Specify) 

2. "Which one would make it easiest to lift the weight to the 

platform?" (Check which pulley system was selected.) 

Three 

Two 

One 

3. "Why did you choose that one?" 

4. "What is this called?" 
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APPENDIX A-7 

VISITING TEACHER QUESTIONNAIRE 
NAME OF SCHOOL GRADE TEACHER^ 



If additional space is required for your answers, please use the back of the page. 

]. Briefly list up to five reasons you had for deciding to bring your class to 
The Franklin Institute Science Museum. 



2. Number the reasons cited above in order of importance. (1 is most important) 

3. Which of these purposes were fulfilled by your recent visit? (list by number) 

k. If any were not fulfilled, please list them and explain why you think this is so. 



5. Do you think the visit had any educational outcomes for your students? 
a. I f so, 1 i st them. 



b. What specific student behaviors provided evidence of these outcomes? 
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Describe any other behaviors on he part of your students which you feel were 
irspired by the visit to the Museum. 



Did you conduct preparatory activities in the classroom prior to the museum visit? 
If so, describe them briefly. 



Did you conduct follow-up activities in the classroom after the museum visit? 
If so, describe them briefly. 



Please share with us any additional thoughts you migi.t have about the benefits 
of a school trip to a science museum. 
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APPENDIX B-1 
DESCRIPTION OF KALLIROSCOPE 
Two interactive exhibits, cal led kal 1 iroscopes, were 
built by Cambridge artist Paul Matisse. They were placed back- 
to-back in a large free-standing unit. Each device was filled 
with a mixture of cleaning fluid and aluminum flakes and could be 
operated by turning a wheel or pushing hot and c Id switches. 
The movement of the liquid resulted in patterns resembling eddies 
and turbulence. 

The label above tho turbulence wheel said: "Try spinning 
[it] at different speeds. The patterns of flow depend partly on 
how fast the different parts of the liquid are moving past one 
another. You should be able to create smooth, flowing, large 
eddies and turbulence," 

The label at the side of the "hot and cold" machine ex- 
plained that "warm fluids rise, while cool ones sink. The re- 
sulting motion cause? typical patterns that are very similar to 
the fluid in hot gas from a volcano (photograph of Mt. St. 
Helens) or the liquid device at your left." The label asked 
visitors to try to match the patterns they created with the 
device to the pattern in the photograph of Mt. St. Helens. 



J 38 



APPENDIX B-2 
PLANETS AND MOONS TALK 
Imagine you are a space traveler from another galaxy on a 
scientific expedition. Your mission is to collect information 
about the SURFACE FEATURES and conditions on the planets of this 
solar system. What would you need to observe about the planets, 
with their differences in size, make-up, and surface tempera- 
tures, to get this information? Working out from the sun, let's 
take a closer look at several of these planets and moons. 

MERCURY, the planet closest to the sun, is constantly in 
ferocious heat. It has no atmosphere, and it is likely that at 
one time Mercury was twice as large as it is now. Scientists 
think that the sun caused half of the mass of this planet to 
evaporate. The lighter elements escaped and left a planet that 
is made mostly of metals. 

Examining Mercury from space is hard because of the glare 
from the sun. The surface of this rocky plane 4 -, looks like it has 
been bombarded by comets and asteroids. There are craters 
everywhere . 

A year on Mercury is only 88 Earth days long. A solar day 
which is hours on Earth is 176 days long. This means that for 
Mercury to go around the sun it takes 88 days and then for it to 
turn around on its axis it takes 1 76 days. 

Our next stop is VENUS. This is a planet of great mystery 
because of the aense fog that surrounds it. The layers of clouds 
that covet this planet are 35 miles thick. The clouds that cover 
E^rth are only 10 miles thick. This dense atmosphere scatters 
light just like a heavy fog does. The dense atmosphere of Venus 
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traps the sun's heat. It helps to build up furnace-like 
conditions. It is hotter on Venus than on any other planet in 
this solar system. 

If you could stand on the surface of Venus, you would find 
it is very flat. Scientists think that this planet doesn't have 
any mountain? or valleys. A day on Venus is 243 Earth days long. 
Venus turns in t^e opposite direction from most of the other 
planets, so you would see the sun rise in the west every 117 
days. 

The next planet from the sun is the EARTH. It seems to be 
blue and white when you look down on it. We know more about this 
planet than other planets and so we think there are mor? forms of 
life here. We don't really know for sure. From space ;e see 
white swirling patterns of clouds. As we get closer we find a 
much wider variety of surface features than has been fou^d on the 
two previous planets. 

Most of the planet Earth is covered by large bodies of 
water. There are also chains of mountains, deep canyons, and 
great, brown flatlands. Many features have been shaped by wind 
and water. We don't see many craters; however, the Earth's crust 
is broken by earthquakes and volcanoes. This is a clue that 
Earth is still very mi: h an active planet. 

MARS is the nex. planet out from the sun. It has been of 
great interest to the inhabitants of Earth who are in constant 
search for other life forms in this solar system, tike Earth, 
there is a diversity to this planet. As an observer, you will 
find three distinct types of landscapes. There is a plains 
region, like on Earth. There is an area full of craters, and 
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there is a third terrain that has been described as "chaotic. 11 
Scientists think that the plains area was caused by an eroding 
force such as wind which blanketed the area with dust. The south 
polar region is where the craters are found. The largest crater 
found on Mars is 300 miles across, or about the distance between 
Boston and Philadelphia on the planet Earth. The chaotic region 
covers hundreds of thousands of square miles. It has been 
thought that frozen dirt below the surface withdrew, like a 
glacier, and the surface collapsed. Unlike Earth, no water has 
been found on Mars. 

The last planet wt will visit on this expedition is the 
great planet JUPITER. We think that Jupiter is a frozen sample 
of the original cloud of dust and gas that made up this solar 
system. The gases which make up Jupiter are trapped there due to 
very cold surface temperatures and a strong gravitational pull 
(2-1/3 times that of Earth). Jupiter is 11 times bigger than 
Earth. It would take 1,300 planet Earths to fill up a hollow 
ball the size of Jupiter. As you approach this immense planet, 
you find bands of pastel-colored clouds which spin at whirlwind 
speeds. Although Jupiter is so large, it turns very quickly. A 
day on Jupiter is only 10 Earth hours. 

There is a great red spot in Jupiter's frozen atmosphere. 
This egg-shaped area seems to float among the other clouds. It 
is larger than the surface of the whole Earth. The 1M moons that 
surround Jupiter add to its mystery and beauty, 

I hope you can take this information back to your galaxy. I 
hope also that you can make another trip to study Saturn, Uranus, 
Neptune and Pluto. 
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APPENDIX B-3 
VFJTdAL TEST 
Directions for Verbal Activity 



INTRODUCTION 

We are trying to learn more about things that interest our museum 
visitors and to find out if our exhibits are doing what we hope they 
can do. 

We should like you to help us by participating in an information 
sharing activity. We call it a Write-a-thon . You know what a 
marathon is; you know what a telethon is. This is a write-a-thon . 
Let me tell you how it works. 

DIRE CT IONS TO STUDENTS 

1. Each of you has received a set of six questions. 

2. would you spend two minutes on each question. Write everything 
that comes into your mind about that question. I will tell 
you ** u ~" the time is up for each question. 

3. You **<ay start with any qaestion you ^ish. Just be sure to 
move to another question when I announce the time. 

4. Are there any questions about what you are going to do? 

Begin. Record the time when students start to work. At the 
end of two minutes direct students to go on to the 
next question of their choice. Record the time for 
Question 2. Continue to announce time and direct 
students to go on to questions until all six questions 
have been completed. 

COMPLETION OF ACTIVITY 

1. Collect completed activity sheets from all students. 

2. Collect pencils. 

3. Convene group Is) for next activity. 
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Verbal Test - Answer Sheet 

If you looked down from space at other planets in our solar system, 
what kinds of surface features would you see that remind you of Earth 



. Fick any two planets or moons in our solar system. Name two ways 
they are like each other and two ways they are different from each 
other. 



Your 


First Planet or Moon is: 


Alike 




1. 


Your 


Second Planet or Moon is: 


2. 

Different 




1. 




2. 



3. You are standing on the surface of a newly discovered planet. You 
see what looks like smoke coming out of an opening in the surface. 
What does this tell you? 
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4a. As your space ship travels through the solar system, you see a 
rotating planet covered with gas. Describe the patterns you see 
surrounding this planet. 



4b. Patterns made by gases that cover a planet give clues about the 
planet. As a scientist studying the planet you just described 
in the last question, what information might you get from studying 
these clues? 



5. From what you have seen or learned about the planets in our solar 
system, what things are most interesting to you? 
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APPENDIX B-4 
VISUAL TEST 



Directions for visual Activity 
INTRODUCTION 

We are trying to learn more about the way people view exhibits. 
Part of what we are examining is how people organize information in 
their minds as they are looking at exhibits. He should like you 
to help us by participating in a picture-sorting activity. 

DIRECTIONS TO STUDENTS 

1. Each of you will be given a packet of 13 pictures. Each pic- 
ture has a number on the front. 

2. We should like you to sort these pictures into 2 piles. It's 
up to you to decide how you will sort them. Por example, if 
you were given a set of pictures of animals, you might sort 
by those animals with 2 legs and those with 4 lec,s, or you 
might do it by mammals versus reptiles. 

3. After you have sorted the 2 piles, write the topic you sorted 
by for each pile on the line on your work sheet, and then write 
the numbers of the pictures that fit into each group in the 
spaces below. You do not have to have the same number of pic- 
tures in each pile. 

4. We should like you to do this activity twic e, each time with 
different topics. 

Please count the pictures to be sure you have 13. You may want 
to spread them out in front of you as you sort. 
If you have any questions, feel free to ask them. 



** 



If a student asks: "what if I make two piles and have some left 

over?" 

Answer: For your first sort, the rule is to use all pictures., 
In the second sort, you may have some left over. 

(Students will work for 3 minutes on each sort.l 
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Visual Test - Answer Sheet 
PICTURE SORTING 

First Sort 



File 1= 


File 2= 


(top 


ic) 


(top 


ic) 


# 


* 


# 


# 


# 


# 


# 


* 


# 


# 


# 


# 


# 


# 


* 


# 


# 


# 


# 


# 


# 


# 


# 


# 
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(top 


ic) 
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# 


* 


# 


* 


# 


# 


# 1 # 
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APPENDIX B-5 
PERFORMANCE TEST. 
Directions for the Performance Test 



INTRODUCTION 

The purpose of the activity we are about to do is to create four 
different features you might see on or around a planet or moon 
if you were a space traveler. These features are not living things 
like plants. This activity will give you a choice of materials to 
use. You will find the materials in the brown container which the 
Visitor Guides will bring to you. 



DIRECTIONS 

a„ Take the materials out of the box to see what is there. 

b. You will find: 1 board with clay on it 

1 cup with clay in it 
1 cup with cotton in it 
1 piece of aluminum foil 

1 Magic marker 

2 coffee stirrers 
a set of labels 

c. You may use any of these materials to make your features. 

d. After you finish, each feature, take one of the sticky labels, 
write on it what the feature is that you have made and stick 
it right beside the feature. We gave you a sample label to 
show you where the word goes. 

e. You will have about 3 minutes to make each feature. We'll let 
you know when it might be a good idea to go on to making another 

one. 



147 

126 



REFERENCES 

Ausubel, D. P. Educational Psycho logy: .A Co^£j. ti v e_V i.ew . New 
York: Holt, Rinehart and Winston, 19oo. 

Borun, M. Measuring the Immeasurab le: ,A_Pil ot_Studx_o X_M"seum 
Effecti v eness . Washington, D.C.: Association of Science- 
Technology Centers, 1977. 

Borun, M., & Miller, M. What's in a Name? A Study_of_the 
Effectiveness of Explanatory Labels in a Science Museum . 
Washington, DT~C: Association of Science-Technology 
Centers, 1980. 

Botel, M. Botej,_Predj.c tin£_R eadabil lt£_Leyels. Chicago: 
Follett, 196*2. 

Bruner, J. "The Act of Discovery." Harvard Educational Review , 
1961, 31, 21-32. 

Eason, L. P., & Linn, M. D. "Evaluation of the Effectiveness of 
Participatory Exhibits." Curator , 1976, 19(1), 45-62. 

Falk, J. Paper presented in session entitled "Preparing School 
'children for Museum Visits," at annual meeting of the 
American Association of Museums, Philadelphia, June 1982. 

Finklestein, L. B., & Hammill, D. D. "A Reading-Free Science 
Test." Elementary School Journa l, October 1969, 34-37. 

Guthrie, J. T. "Expository Instruction Versus a Discovery Method." 
Journal of Educational Psychology , 1967, 58(1), 45-49. 

Inhelder, B., & Piaget, J. The Growth of Logical Thinking _from 
Childhood to Adolescence. New York: Basic Books, 1958. 



Kimche, L. "Science Centers: A Potential for Learning." 
Science , 1978, 199, 270-273. 

King, R. G. "Educational Capabilities of Science Museums." 
Newsletter (Museum of Science, Boston), October 1981. 

King, R. G. "Learning in Mureums." Newsletter (Museum of 
'science, Boston), April 1979. 

Lambert, L. J. "Effects of Museum Resources on the Learning of 
Anthropological Material in the Elementary Grades." Paper 
presented at annual meeting of the Central States Anthropo- 
logical Society, University of Notre Dame, March 1978. 

Science Curriculum Improvement Study. SCIS Teacher's Ha ndoook. 
Berkeley: University of California, 1974. 



:RLC 



127148 



Sneider, C. I. f Eason, L. P., & Friedman, A, J, "Summative 
Evaluation of a Participatory Science Exhibit," Science 
Education , 1979, 63(1), 25-36. 

Weiss, R« S., & Boutourline, S. "The Communication Value of 
Exhibits." Museum News , 1963, 43(3), 2^-27. 

Wright, E. L. "Analysis of the Effect of a Museum Experience on 
the Biology Achievement of Sixth Graders." Journa l of 
Research in Science Teaching , 1980, 17 12), 99-101. 



149 

128 



